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ABSTRACT 


The  information  in  this  document  is  intended  to  provide  a  means  of  more  rapidly 
identifying  most  of  the  cores  and  spools  used  throughout  the  motion  picture 
industry.  No  attempt  has  been  made  to  identify  all  of  the  various  items  that  are 
available,  but  rather  to  list  those  items  most  widely  used.  Manufacturers’  data 
sheets  and/or  pamphlets  covering  this  subject  for  their  respective  products  can  be 
obtained  from  the  specific  manufacturer.  The  pamphlets  that  apply  are  Eastman 
Kodak  ‘T6mm,  35nun,  and  70mm  Films,”  Pamphlet  #P-29  and  Photo-Sonics 
technical  data  sheets. 
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SECTION  I 


INTRODUCTION 


The  purpose  of  this  document  is  to  present  camera  technical  information  and 
representations  of  the  types  of  film  cores  and  spools  that  are  currently  available 
on  the  open  market.  At  the  present  time,  only  one  company,  Eastman  Kodak,  is 
supplying  the  test  range  industry  with  these  film  products.  Specific  technical 
information  about  these  products  appears  in  this  publication.  Additionally, 
information  is  included  that  may  be  of  value  to  data  reduction  analysts. 

Also  provided  herein  are  representations  of  special  cores  and  spools  that  are 
required  specifically  for  high-speed  camera  use.  These  specially  manufactured 
devices  are  designed  to  withstand  the  torque  generated  in  high-speed  camera 
operations.  In  addition  to  the  identification  of  these  cores  and  spools,  an  attempt 
has  been  made  to  provide  technical  information  regarding  flange  focal  distances, 
timing  displacement,  aperture  openings  for  cameras,  and  light  transmission  for 
prism  cameras. 

Appendix  A  of  this  document  contains  reprints  of  cores  and  spools  information 
that  was  taken  from  Kodak  Publication  P-29.  Pictured  in  appendix  B  are  special 
cores  and  spools.  Reprints  of  items  relating  to  film  perforation,  dimensions,  and 
usage  are  at  appendixes  C  and  D.  Specifically,  appendix  C  contains  a  tutorial  on 
the  history,  standardization,  and  usage  of  various  motion  picture  perforations  and 
the  Index  to  Society  of  Motion  Picture  and  Television  Engineers  (SMPTE)- 
Sponsored  American  Standards.  Appendix  D  features  reprints  of  two  American 
Standard  Dimensions  for  film  perforations.  Lastly,  reprints  of  perforation  and 
film  dimensions,  also  taken  from  Kodak  Publication  P-29,  are  in  appendix  E. 

It  is  recommended  that  this  document  be  used  as  an  outline  to  which  the  user  can 
add  the  latest  information  as  it  becomes  known  or  available. 


SECTION  II 


FLANGE  FOCAL  DISTANCES 


The  information  provided  in  this  section  could  be  used  to  manufacture  lens  adapters  when  such 
adapters  are  unavailable  on  the  open  market.  The  cost-cutting  enviromnent  in  which  the  ranges 
currently  operate  necessitates  varying  the  use  of  the  present  inventory  of  lenses  to  meet  customer 
requirements.  Most  test  sites  have  lenses  in  their  inventory  that  can  be  adapted  for  use  on  a 
variety  of  cameras.  An  example  is  the  Mamiya  M-645,  which  is  normally  used  with  the  16mm 
Photec  V.  This  lens  can  be  adapted  to  the  Photo-Sonics  4ML  and  the  4B/4C.  With  the  provided 
flange  focal  distances,  an  adapter  can  be  locally  manufactured  for  these  cameras.  This 
configuration  produces  a  very  acceptable  image  as  well  as  good  light  transmission. 

With  this  information  and  a  real  need  to  use  available  lenses,  a  mechanical  engineer  should  be 
able  to  implement  the  local  manufacture  of  an  acceptable  adapter.  The  manufacturers  of  high¬ 
speed  photographic  equipment  have  shown  an  interest  in  the  production  of  these  adapters  if  the 
development  and  test  prove  profitable  and  a  need  exists. 


CREF 

NOTES: 

1 .  All  dimensions  are  at  infinity 

2.  “C”  Mount  dimension  .690  (16mm) 

3.  “D”  Mormt  dimension  .484  (Smm) 

4.  GSAP  Moimt  dimension  1 .01 85  (1 6mm) 


k1 


FILM 


+..001 


>i 

j 


PHOTO-SONTCS,  Incorporated,  1994,  Burbank,  California. 
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Back  Focus  or  Flange  Focal  Distance  of  Camera  Models  Currently  Used 

16MM 


MODEL  NO. 

A  REF 

BREF 

CREF 

-IB 

1.796 

-IF 

1.635 

Model  6  Thin  turret 

1.218 

1C 

1.796 

ID 

1.891 

IE 

0.905 

IP 

0.69 

IPDL 

2.047 

35MM 


MODEL  NO. 

A  REF 

BREF 

CREF 

4B-4C 

2.274 

2.953 

Hasselblad  Moimt  4B-4C 

2.274 

0.96 

3.234 

4E/6E 

2.274 

2.953 

4M/ML 

1 

1.953 

2.953 

Model  5 

2.312 

Model  6 

r  2.375 

.579 

2.953 

Mamiya 

Pentax 

^  1.793 

70MM 


MODEL  NO. 

A  REF 

BREF 

CREF 

-lOM 

3.346 

-IB 

1.938 

1.015 

2.953 

Hasselblad-5C 

1.938 

1.296 

3.234 

-5C 

1.625 

-lOA 

1.938 

Ilium.  Fiouc.-lOA 

2.25 

0.703 

2.953 

-lOB 

4.594 

-5B 

1.938 

-lOD 

r  1.5 

-lOP 

2.25 

0.702 

2.953 

-lOR 

4.594 

-14 

3.347 

PHOTO-SONICS,  Incorporated,  1994,  Burbank,  California. 
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SECTION  III 


TIMING  DISPLACEMENT 


This  section  contains  information  primarily  of  value  in  the  data  reduction  process. 
Although  the  Film  Data  Recording  System  (FDRS)  has  reduced  side  serial  timing 
to  some  degree,  film  edge  timing  continues  to  be  widely  used  by  the  test  ranges. 
Information  of  this  sort  is  often  requested  by  projects  to  facilitate  their  individual 
data  reduction  efforts. 


Timing  Displacement  in  Reference  to  Picture 
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CAMERA  INFORMATION  FOR  TIMING  DISPLACEMENT  AT  THE  TIME 
THE  PICTURE  IS  BEING  EXPOSED,  TIME  IS  BEING  PRINTED  ON  FILM 


TYPE  CAMERA 

DISPLACEMENT 

FASTAX  WF4S,  16mm 

5  perforations  before 

FASTAXWF3, 16mm 

NOVA-FULL,  HALF,  &  QUARTER 

5  perforations  before 

FRAME,  16mm 

3  perforations  before 

MILLIKEN,  16mm 

13  perforations  after 

REDLAKES  FASTAX II 

3.4  perforations  after 

PHOTEC  TV,  16mm 

4.5  perforations  before 

REDLAKES  HYCAM,  16mm 

5  perforations  after 

REDLAKES  LOCAM,  16mm 

26.5  perforations  after 

PHOTO-SONICS  IPL,  16mm 

13  perforations  after 

FASTAX  WF5,  35  mm 

8  perforations  before 

FASTAX  WF5,  HALF  FRAME,  35mm 

8  perforations  before 

DUMONT  STREAK,  35mm 

7  perforations  before 

MITCHELL,  35mm 

58  perforations  before 

REDLAKES  HYTAX,  35mm 

0  perforation 

PHOTO-SONIC  4B,  35mm 

66  perforations  before 

PHOTO-SONIC  4C,  35mm 

44  perforations  before 

PHOTO-SONIC  4E,  35mm 

52  perforations  before 

PHOTO-SONIC  4ML,  35mm 

7.5  perforations  before 

PHOTO-SONIC  lOB,  70mm 

75  perforations  before 

PHOTO-SONIC  1 OA,  70mm 

4  perforations  after 

PHOTO-SONIC  lORL 

5.5  frames  before 

PHOTO-SONIC  14S 

14  perforations  before 

CZR 

0  frames 

IVN 

10  frames  after 
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SECTION  IV 


APERTURE  OPENINGS  FOR  CAMERAS 

Although  the  standards  of  the  American  Standards  Association  are  adhered  to  by 
most  camera  manufacturers,  some  variations  in  the  aperture  openings  of  high¬ 
speed  cameras  may  exist.  As  a  rule,  these  variations  do  not  normally  pose 
problems.  However,  in  scientific  photography,  aperture  openings  are  critical  in 
computing  the  field  of  view.  The  information  that  follows  is  provided  to  aid  in 
the  computation  process  for  critical  fields  of  view. 


Aperture  Openings  for  Cameras 


16MM* 

35MM* 

70MM* 

IPDL-  .296”x  .410” 

6EL-  1.000”  X  1.000” 

14S- 2.250”  x  2.500” 

1 VN  -  .296”  X  .552” 

4ML-  0.745”  X  0.995” 

lORL- 2.250”  X  2.250” 

lPL-.296”x.410” 

4EL  -  0.724”  X  0.986” 

lOB- 2.250”  X  2.250” 

IB  -  Full  frame  16mm 

4BL/4CL  -  0.745”  x  0.995” 

lOA- 2.250”  X  2.250” 

Locam  -  0.292”  x  0.410” 

4B/4C  -  0.745”  x  0.995” 

*Note:  Film  data  recording  systems  may  change  aperture  opening.  Check  with 
manufacturer/manual  for  this  information. 


SECTION  V 

LIGHT  TRANSMISSION  OF  PRISM  CAMERAS 

Knowledge  of  actual  light  transmission  of  prism  cameras  is  only  required  when 
the  light  transmission  of  the  camera  is  less  than  the  light  transmission  capability 
of  the  lens.  An  example  would  be  to  use  an  f/1.5  lens  with  a  camera  that  will  only 
allow  an  f/3.2  light  transmission.  Any  setting  on  the  lens  greater  than  £^3.2  would 
be  negated  by  the  camera. 


ACTUAL  LIGHT  TRANSMISSION  OF  PRISM  CAMERAS  IN  USE 


APPENDIX  A 

CENTER  HOLE  SPECIFICATIONS,  CORES  AND  SPOOLS 


The  following  excerpts  are  reproduced  by  permission  of  Eastman  Kodak 
Company.  Copies  of  publication  P-29,  Technical  Data  of  Film  Specification 
Numbers.  Spools.  Cores.  Dimensions  and  Perforations,  may  be  obtained  from 
Eastman  Kodak  Company,  Department  454,  343  State  Street,  Rochester,  New 
York  14650. 
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CENTER  HOLE  SPECIFICATIONS 


SPOOL  OR  CORE 

Type  A  A 

Type  J 

Types  R,  S,  T,  U,  X,  Z 

S-146,  S-147,  S-I48,  S-149 

S-65,  S-184,  S-151 

S-83,  S-84.  R-90,  S-101,  S- 


R-190 


DESCRIPTION 


0.320-inch  square  center  hole  with 
keyway 


0.324-inch  square  center  hole 


1-inch  round  center  hole  with  keyway. 
Note:  Type  R  Core  has  a  key  which 
extends  halfway  through  the  center  hole 


0.385-inch  round  hole  with  double 
keyways 


0.385-inch  round  center  drive  hole  with 
double  keyways  and  two  round  drive 
holes  0.379-inch  diameter 


0.320-inch  square  hole  with  keyway 


0.320-inch  square  hole  with  keyw'ay  and 
two  offset  round  drive  holes.  One 
elliptical  hole  and  side  1  and  side  2 
markings 


CORES  AND  SPOOLS,  16  mm 


Type  T  Core — 2-in.  O.D,,  16  mm.  Round  center 
hole  with  keyway.  With  film  slot. 


Type  Z  Core — 3-in.  O.D.,  16  mm.  Round  center 
hole  with  keyway.  With  film  slot. 


R-90  Spool — 16  mm  x  100  ft,  flange  diameter 
3.615  in.,  core  diameter  1^/4  in.  Square  hole 
with  keyway  in  both  flanges.* 


R-190  Spool — 16  mm  x  200  ft,  flange  diameter 
4.940  in.,  core  diameter  I in.  Square  hole  with 
keyway  and  two  offset  round  drive  holes  and 
one  elliptical  hole  in  both  flanges.*  Side  1  and 
side  2  markings. 


S-153  Spool — 16  mm  x  400  ft,  flange  diameter 
6.625  in.,  core  diameter  2^/8  in.  Square  hole 
with  keyway  in  both  flanges.* 

♦Center  hole  configuration  aligned  on  both  flanges. 

(One  foot  =  .305  metres) 


CORES  AND  SPOOLS,  35  mm 

(Continued) 


■  Type  AA  Core — 1-in.  O.D..  35  mm.  Square 
center  liole  and  keyway.  With  film  slot. 


Type  R  Core — 2-in.  O.D.,  35  mm.  Round 
center  hole  with  key  extending  halfway  through 
center  hole.  With  film  slot. 


Type  U  Core — 2-in.  O.D.,  35  mm.  Round  center 
hole  and  keyway.  With  film  slot. 


S-83  Spool — 35  mm  x  100  ft,  flange  diameter 
3.657  in.,  core  diameter  31/32  in.  Square  hole 
and  keyway  in  both  flanges.* 


S-101  Spool— 35  mm  x  200  ft,  flange  diameter 
4.625  in.,  core  diameter  31/32  in.  Square  hole 
with  keyway  in  both  flanges.* 


♦Center  hole  configuration  aligned  on  both  flanges. 
(One  foot  =  .305  metres) 


CORES  AND  SPOOLS,  70  mm 

(Continued) 


Type  J  Core — I  V^-in.  O.D.,  70  mm.  Square 
center  hole.  With  film  slot. 


Type  X  Core — 2-in.  O.D.,  70  mm.  Round  center 
hole  and  keyway.  No  film  slot. 


Type  S  Core — 3-in.  O.D.,  70  mm.  Round  center 
hole  and  keyway.  With  film  slot. 


S-146  Spool — 70  mm  x  15  ft,  flange  diameter 
1.719  in.,  core  diameter  31/32  in.  Round  center 
hole  with  double  keyways  in  both  flanges. 


IS-147  Spool — 70  mm  x  25  ft,  flange  diameter 
2.125  in.,  core  diameter  31/32  in.  Round  center 
hole  with  double  keyways  in  both  flanges. 


S-148  Spool — 70  mm  x  50  ft,  flange  diameter 
2.625  in.,  core  diameter  31/32  in.  Round  center 
hole  with  double  keyways  in  both  flanges. 


(One  foot  *  ..105  metres) 
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CORES  AND  SPOOLS.  70  mm 

(Continued) 


S-149  Spool — 70  mm  x  !00  ft,  flange  diameter 
3.750  in.,  core  diameter  31/32  in.  Round  center 
hole  with  double  keyways  in  both  flanges. 


X  S-84  Spool — 70  mm  x  100  ft,  flange  diameter 
3.657  in.,  core  diameter  31/32  in.  Square  hole 
with  keyway  in  both  flanges.* 


S-150  Spool — 70  mm  x  250  ft,  flange  diameter 
5.938  in.,  core  diameter  in.  Round  center 
drive  hole  with  double  keyways  and  two  round 
drive  holes  in  both  flanges. 


S-151  Spool — 70  mm  x  500  ft,  flange  diameter 
7.625  in.,  core  diameter  2  Vs  in.  Round  center 
drive  hole  with  double  keyways  and  two  round 
drive  holes  in  both  flanges. 


S-65  Spool — 70  mm  x  1000  ft,  flange  diameter 
10.500  in.,  core  diameter  2 Vs  in.  Round  center 
drive  hole  with  double  keyways  and  two  round 
drive  holes  in  both  flanges. 


♦Center  hole  configuration  aligned  on  both  Ranges. 
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APPENDIX  B 

SPECIAL  CORES  AND  SPOOLS 
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p/s  4ML  1200*  Spool  35mm 


APPENDIX  C 

SOCIETY  OF  MOTION  PICTURE  AND  TELEVISION  ENGINEERS 

(SMPTE) 


The  following  reprints  are  reproduced  by  permission  of  the  SMPTE.  Additional  copies 
may  be  obtained  from  SMPTE  Headquarters,  9  East  41st  Street,  New  York,  N.Y.  10017. 
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Motion-Picture  Film  —  Its  Size 
and  Dimensional  Characteristics 

A  TUTOIUAL  PAPER  and  A.®C.‘rOT^TSON 


The  dimensions  of  motion-picture  film  and  the  shapes  of  perforations  have  followed 
a  logical  development  over  30  or  more  years.  Traced  here  is  some  of  this  history,  so 
that  we  can  better  understand  why  the  American  Standards  Association  recognizes 
certain  standards  today.  For  example,  the  need  for  accurate  printing  processes 
has  led  to  the  introduction  of  dimensional  standards  with  close  tolerances.  Improve¬ 
ments  in  the  plastics  of  which  film  supports  are  made,  coupled  with  the  use  of  con¬ 
tinuous  printers,  have  led  to  the  introduction  of  standards  which  discriminate  be¬ 
tween  products  differing  only  by  0.2%  in  one  dimension,  since  that  small  difference 
is  recognized  as  an  important  matter  in  the  economical  attainment  of  good  quality 
in  printing.  Other  industry  demands  have  been  met  over  the  years:  c.g.,  today’s 
CS  perforation  (introduced  to  meet  the  needs  of  the  CinemaScope  development  in 
wide-screen  presentation)  gives  more  available  area  for  soundtracks.  Also,  the 
16mm  film  used  today  is  manufactured  slightly  narrower  than  that  of  earlier  years 
because  of  improved  dimensional  stability  of  the  base.  Furthermore,  the  needs  of 
other  processes  involving  films  with  widths  varying  from  8mm  to  70mm  have  been 
recognized  in  various  new  standards.  It  is  expected  that  there  will  be  further 
changes  as  the  industry  develops. 


Introduction 

The  purpose  of  this  article  is  to 
describe  the  various  forms  of  perforated 
film  used  in  motion-picture  photography 
with  respect  to  their  history,  their 
standardization,  and  their  usage.  There 
are  films  of  many  sizes  described  in  the 
Index  of  Standards  published  annually 
in  the  December  issue  of  the  Journal 
of  the,  SMPTE.  The  standards  in  question 

Presented  on  October  15,  1963,  to  the  SMPTE 
Film  Dimensions  Committee  as  a  status  report, 
and  on  September  29,  1964,  to  the  Society’s 
Technical  Conference  in  New  York  by  A.  J. 
Miller,  Du  Art  Film  Laboratories,  Inc.,  245 
W.  55  St.,  New  York,  N.Y.  10019,  and  A.  C. 
Robertson,  Eastman  Kodak  Co.,  Manufactur¬ 
ing  Experiments  Div.,  Bldg.  35,  Kodak  Park, 
Rochester,  N.Y.  14650. 

(This  paper  was  received  in  final  form  on  Novem¬ 
ber  2, 1964.) 


describe  the  dimensions  of  the  films,  but 
do  not  give  a  complete  background  of 
the  origins  of  the  various  formats, 
the  way  in  which  they  fit  a  current  need, 
and  the  relationship  to  the  other  for¬ 
mats  which  may  appear  to  be  similar. 

It  is  very  difficult  for  people  wanting 
to  do  new  things  to  know  which  is  the 
film  of  the  best  size  and  perforation  type 
that  will  best  suit  their  needs.  In  fact, 
these  people  may  not  know  what 
kinds  of  films  are  available.  Knowledge 
of  this  kind  is  needed  to  help  designers 
new  to  the  field  and  at  the  same  time 
refresh  the  memory  of  current  prac¬ 
titioners.  The  required  material  is 
scattered  so  widely  that  it  is  prudent 
and  economical  to  gather  it  in  one  place.^ 

In  a  few  cases,  such  as  international 
standardization,  it  is  helpful  also  to 
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Fig*  1.  Coyer  of  pamphlet  published  by 
the  Society  in  1917*  It  contained  17 
titles  of  standards  with  brief  data  about 
each* 

establish  the  chronological  sequence  of 
events,  and  the  history  of  attempts  at 
simplification.  Note  in  this  connection 
that  the  numbering  of  American  stand¬ 
ards  is  not  sequential.  At  one  time  the 
numbers  attached  to  standards  were 
**uscd’’  again  for  other  subjects.  This 
means  that  the  size  of  the  identifying 
number  docs  not  necessarily  help  set 
the  relative  dates  for  the  adoption  of 
standards.  Today,  however,  there  is  an 
effort  being  made  to  keep  the  same 
number  for  the  same  item  when  revisions 
arc  made. 

When  production  started  in  motion- 
picture  photography  in  the  days  when 


Eastman  and  Edison  worked  together 
in  1889,  there  was  film  of  one  size  for 
positive  and  negative  films.  Indeed, 
for  some  time  there  was  only  one 
emulsion,  and  the  problem  of  supply 
was  simple  for  the  photographer  and 
the  manufacturer  alike.  Of  course, 
there  were  many  formats  (some  of  them 
larger)  used  in  traveling  exhibits.  Most 
of  these  exhibits  featured  personal 
appearances,  such  as  those  of  the  lectur¬ 
ing  traveller.  Some  shows  were  given 
by  men  who  had  previously  been 
magicians.  M^ics  and  Victor*  were 
the  best  examples.  These  men  were 
more  conscious  of  the  show  than  of  the  • 
engineering  problems  of  standardization. 

Motion-picture  photography  has 
grown  and  today  the  list  of  official 
standards  contains  19  dimensional  stand¬ 
ards  bearing  the  PH22  number  which 
signifies  that  they  relate  to  cinematog- 
rapJiy.  Other  standards  relating  to 
this  field  arc  being  studied  in  committee. 
In  addition  to  the  number  of  film  formats 
which  have  been  recognized  in  an 
official  sense,  there  arc  several  specialized 
or  variant  formats  that  have  not  been 
officially  standardized  because  they  arc 
not  employed  by  enough  users  to  require 
industry-wide  approval.  As  for  the  types 
of  emulsions  employed,  these  number 
several  dozen  today  and  range  from  the 
relatively  simple  ones  used  in  making 
the  common  black-and-white  print  stock 
to  the  rather  unusual  emulsions  used  for 
color  camera-films,  color  intermediate 
materials  and  color  print  stocks. 

There  is  a  wide  range  of  choice  of 
motion-picture  films  available  to  the 
industry  as  a  result  of  the  many  com¬ 
binations  of  emulsion  types,  widths, 
perforations,  and  pitch  dimensions.  Ac¬ 
cordingly,  the  question  may  arise  about 
the  need  for  such  varicty. 

Positive  and  Negative  Perforations 

There  arc  valid  reasons  for  making 
film  with  perforations  of  different  sizes 
and  pitches.  However,  some  film  used 
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in  the  early  days  has  changed  litde  with 
respect  to  format  and  physical  dimen* 
sions  since  Edison's  time.  The  per¬ 
forations  in  the  earliest  film  had  almost 
the  same  size  and  shape  of  the  current 
“Bell  &  Howell”  perforation  described 
today  by  PH22.34-1956.  The  early  film 
was  described  in  a  pamphlet  on  stand¬ 
ardization  (Fig,  1)  published  by  the 
Society  in  1917,  very  soon  after  the 
publication  of  its  terms  of  incorporation 
and  its  Bylaws.^  The  perforations  de¬ 
scribed  in  this  booklet  had  well-defined 
corners  where  the  round  portions  in¬ 
tersected  the  “flats,”  as  shown  in  Fig. 
2  and  the  lower  part  of  Fig.  3.  These 
corners  were  not  rounded  with  a  fillet 
and  accordingly,  the  intersections  could 
really  be  called  sharp.  As  a  result  of 
the  concentration  of  stresses  permitted 
by  this  conformation,  fractures  were 
apt  to  occur  in  the  corners  after  the  film 
had  been  projected  a  few  times. 

The  damage  was  caused  in  part  by 
the  design  of  some  projectors  made  in 
the  early  tw'cnties.  These  projectors  had 
many  desirable  features  that  brought 
them  into  general  use.  Unfortunately, 
these  projectors  also  had  sprockets  of 
unusual  dimensions.  The  sprockets  ac¬ 
centuated  the  problem  caused  by  per¬ 
forations  which  tore  at  the  corners.  This 
tearing  came  about  because  of  “inter¬ 
ference”  between  the  perforations  and 
the  entering  and  leaving  sprocket  teeth 
as  the  film  travelled  over  the  sprocket. 
When  the  film  is  pulled  forward  by  the 
front  face  of  the  tooth  engaging  the 
front  edge  of  the  perforation,  and  when 
the  film  is  so  short  that  the  trailing  edge 
of  the  perforation  cannot  slide  down  the 
back  face  of  the  entering  sprocket-tooth, 
then  the  film  must  tear.  The  typical 
tear  starts  in  the  comparatively  sharp 
corner  of  the  perforation  where  the 
“flat”  joined  the  circular  sides. 

As  a  result  of  unfavorable  factors, 
especially  interference,  the  projection 
. .  life  of  the  film  was  sometimes  shorter 
than  desired.  In  1923,  J.  G.  Jones^ 
corrected  most  of  the  difficulties  con- 


Ftlm  perforation — The  dimensions  and  lo¬ 
cation  of  him  perforation  shall  be  in 
accord  with  the  illustrating  diagram 
herewith. 


Fig.  2.  Dimensions  for  35mm  film  as 
shown  in  the  pamphlet  on  Standards 
published  by  the  Society  in  1917. 


cerning  the  life  of  the  film  by  devising 
the  style  of  perforation  stUl  used  for 
35mm  black-and-white  release  prints. 
This  perforation  was  rectangular,  with 
rounded  corners.  His  recommendations 
for  the  improved  style  of  perforation 
were  proposed  in  1923  and  adopted  by 
the  Standards  Committee  of  the  Society 
in  1928.  The  primary  change  was  an 
increase  in  height  of  the  perforation  from 
0.073  in.  to  0.078  in.  This  modification 
was  a  compromise  that  made  it  possible 
for  print  film  to  operate  as  well  in  one 
projector  which  possessed  unusual  and 
actually  undesirable  design  characteris¬ 
tics  as  in  all  other  projectors.  The  leeway 
added  by  the  heightened  perforation 
removed  the  interference  that  had  caused 
trouble.  Also,  the  adoption  of  the 
rounded  corners  in  the  perforation,  as 
shown  in  PH22.36-1954,  was  effective 
in  decreasing  the  stresses  in  the  corners 
to  a  safe  value.  Here  we  have  a  special 
effort  aimed  at  making  projectors  do 
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their  best.  At  that  time,  even  with  the 
addition  of  another  shape  of  perforation, 
the  supply  problems  were  still  fairly 
easy.  In  1923,  there  were  only  seven 
emulsion  types  used  for  motion-picture 
purposes.^ 

Process  Photography 

The  earliest  motion-picture  photogra¬ 
phy  was  completely  straightforward  and 
simple.  Complications  appeared  later 
with  greater  use  of  ^'process  photogra¬ 
ph/’  of  the  inconspicuous  kind.  At 
first,  process  photography  was  used  to 
produce  imaginative  scenery  or  effects, 
(used  as  early  as  1904  by  George 
Mili6s*)  also,  producers  made  ghost 
pictures  by  double  exposure.  In  a 
similar  way  they  portrayed  people  who 
had  such  a  resemblance  to  each  other 


Fig.  3.  Dimensions  for  35mm 
film  as  given  in  1930. 

that  they  were  regarded  as  doubles. 
Sometimes  the  adventures  of  twins 
were  recorded  in  romantic  pictures. 
It  was  realized  later  that  process  photog¬ 
raphy  could  be  used  for  other  purposes. 
It  was  found  that  realistic  background 
could  be  printed  in  by  laboratory  opera¬ 
tions  with  a  process  printer,  or  photo¬ 
graphed  on  the  stage  by  using  a  regular 
camera  and  by  having  the  actors  appear 
in  front  of  a  projected  image  on  a  trans¬ 
lucent  screen.  These  procedures  had 
several  advantages,  particularly  in  cost 
reduction.  These  operations  diminish 
the  need  to  go  on  location  or  to  build  ex¬ 
pensive  sets.  Process  printing  and  back¬ 
ground  projection  arc  two  techniques 
included  under  the  general  designation 
of  “special  effects’*  photography.  Most 
of  these  techniques  require  great  accur- 
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STANDARD  35-MM.  FILM 


CDTTIIfG  AND  PERFORATING  DIMENSIONS 
OF  NEGATIVE  AND  POSITIVE  RAW  STOCK 


These  dimensions  and  tolerances  apply  to  the  material  im¬ 
mediately  after  cutting  and  perforating. 


Fig.  4.  Dimensions  for  35mm  film,  both  positive  and 
negative,  as  given  in  1934. 


acy  in  the  perforating  of  the  film  in 
order  to  keep  at  a  low  value  the  relative 
motion  between  parts  of  the  picture 
printed  at  various  times.  It  takes  very 
little  relative  motion  to  impair  the 
illusion.  Few  descriptions  of  these  proces¬ 
ses  were  published  before  1928.  There 
have  been  good  descriptions  of  the 
traveling  matte  procedure  and  other 
types  of  process  photography  since  then, 
A  recent  article^  gives  a  good  historical 
view  of  the  use  of  these  procedures 
when  the  industry  was  young  and 
Norman  Dawn  was  active  in  devising 
new  schemes.  A  number  of  more  de¬ 
tailed  discussions®^^*  have  also  been  pub¬ 
lished. 

Dawn  found  that  he  could  not  get 
the  requisite  accuracy  in  positioning 
with  most  of  the  cameras  available  in 


his  day.  In  1914,  however,  a  camera 
with  pins  fixed  solidly  to  the  gate  be¬ 
came  available,  and  as  a  result  the 
reproducibility  of  positioning  the  film, 
necessary  for  composite  photography, 
became  possible.  TWs  style  of  construc¬ 
tion  is  used  today  in  some  cameras. 
The  exact  placement  of  film  for  suc¬ 
cessive  exposures  depends  upon  the 
solidity  of  the  registering  pins,  but  it  also 
depends  upon  the  size  of  the  perfora¬ 
tion.^® 

The  accuracy  needed  in  the  control  of 
hole  size  is  exemplified  by  the  tolerances. 
They  are  the  smallest  specified  in  the 
standards.  Even  with  good  cpntrol,  it  is 
prudent  to  make  the  pins  of  a  process 
camera  larger  (and  therefore  more 
snugly  fitting)  than  the  pins  in  a  studio 
camera.  The  studio  camera  must  not 
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make  noise,  as  it  might  with  snugly 
fitting  pins,  and  so,  a  small  and  almost 
negligible  risk  of  encountering  un¬ 
steadiness  is  taken  by  using  pins  of 
nominal  size. 

Search  for  Accuracy 

In  spite  of  the  secrecy  that  surrounded 
the  details  of  process  photography  in  its 
early  days,  film  manufacturers  were 
aware  that  film  used  for  some  special 
operations  needed  to  be  perforated  more 
accurately  than  ever  before.  Accordingly, 
the  standards  were  changed  so  that  they 
indicated  tolerable  departures  from  the 
expefcted  value  for  some  dimensions. 
Compare  Fig.  2  with  Fig.  3,  which  was 
attached  to  the  report  of  the  Standards 
Committee  in  1930.  The  film  of  pioneer¬ 
ing  days  was  stated  to  be  1,375-in.  wide 
without  qualification.  Later,  the  same 
film  apparently  was  considered  to  be 
35  mm  wide.  The  result  is  that  the  inch 
values  arc  stated  to  the  fifth  place. 
Curiously  enough,  it  appears  that  the 
dimension  describing  the  pitch  is  re¬ 
garded  as  being  basically  0.187  in.  in  the 
English  system.  Accordingly,  the  metric 
equivalent  is  recorded  to  the  fourth 
place.  Even  if  films  are  designated  35mm 
or  16mm,  they  arc  not  based  completely 
on  the  metric  system.  All  the  PH22 
films  arc  hybrids,  since  they  arc  designed 
to  have  16  frames/ft  for  35mm,  40 
frames/ft  for  16mm,  and  80  frames/ft 
for  8mm  film.  These  dimensions  are  tied 
to  the  use  of  the  sprocket  printer  gen¬ 
erally  employed  in  the  United  States. 
Even  today  we  have  some  trouble  in 
engineering  committees  in  choosing 
appropriate  metric  equivalents,  and 
some  apparent  inconsistencies  of  dimen¬ 
sioning  may  still  be  found.  In  many  cases 
it  is  possible  to  say  that  the  conversions 
represent  acceptable  practice  and  that  it 
is  considered  that  the  advantages  of 
having  round  numbers  in  both  systems 
outweigh  the  importance  of  the  residual 
differences. 

It  may  seem  unusual  in  a  country 
using  the  foot  and  inch  system  to  pay  a 
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great  deal  of  attention  to  the  metric 
system.  However,  motion-picture  equip¬ 
ment  and  film  are  made  in  many  places 
all  over  the  world.  They  are  frequently 
used  indiscriminately  in  combination 
and  these  combinations  are  expected  to 
work  together.  In  fact,  they  do,  for 
motion-picture  standards  arc  among  the 
oldest  and  most  successful  in  the  world. 

A  standard  intended  for  both  nega¬ 
tive  and  positive  films  was  finally  adopted 
in  November  1934,  and  is  shown  in 
Fig.  4.  It  is  interesting  to  see  that  the 
tolerances,  given  only  for  width  in  1930, 
now  arc  extended  to  other  dimensions, 
such  as  hole  size,  margin,  and  longi¬ 
tudinal  pitch.  This  was  a  situation  where 
a  special  effort  was  made  to  get  closer 
tolerances  for  film  used  in  cameras. 

At  this  time,  there  was  an  attempt  to 
eliminate  the  use  of  the  old  negative 
perforation,  described  by  most  users  as 
“Bell  &  Howell,’*  in  favor  of  the  new 
“positive”  perforation.  The  standard 
shown  in  Fig.  4  was  specified  to  be  for 
negative  and  positive  raw  stock,  thereby, 
in  an  attempt  at  simplification,  sctdng  a 
“universal  perforation”  as  standard. 
This  action  considerably  preceded  the 
action  of  the  9th  International  Congress 
of  Scientific  and  Applied  Photography 
held  in  Paris,  July  1935,  at  which  time  it 
was  proposed  that  a  single  perforation  be 
adopted  on  an  international  basis. 
In  September  1936,  the  matter  was  dis¬ 
cussed  at  Budapest  in  the  meetings  of  the 
ISA.  The  war  intervened  and  ended  the 
matter.  The  Russians  subsequently 
adopted  the  perforations  with  rectangular 
shape  and  rounded  comers  for  both 
negative  and  positive  films.  These  are  the 
films  of  Type  I  and  Type  la  tabulated 
in  current  proposals^*  of  the  ISO, 
which  is  the  successor  of  the  ISA. 

However,  the  individual  members  of 
American  industry  had  not  asked  for  this 
change  in  practice  and  were  reluctant  to 
act  upon  the  basis  of  these  resolutions. 
The  purchasing  agents  continued  to 
purchase  negative  film  with  “Bell  & 
Howell”  perforations.  Some  European 
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standardizing  bodies  set  standards  which 
are  obligaiory^  while  American  bodies 
recommend  standards  to  which  purchasers 
or  manufacturers  need  not  adhere.  The 
standards  merely  describe  the  dimensions 
of  the  article  which  the  customer  has  re¬ 
quested,  in  keeping  with  the  long  estab¬ 
lished  democratic  American  practice. 
However,  the  standards  arc  NOT  pur¬ 
chase  specifications,  and  the  tolerances 
represent  compromise  values  set  some¬ 
where  between  the  perfection  the  user 
would  like  and  the  generous  range  of  size 
the  manufacturer  would  find  more  com- 
^  fortable  to  produce.  Actually,  a  reduction 
in  the  size  of  tolerances,  if  they  arc 
brought  below  the  obvious  values  needed 
for  a  reasonable  level  of  performance  and 
interchangeability,  constitutes  a  basis  for 
competition  between  suppliers. 

In  that  period  of  our  history,  American 
purchasers  continued  to  order  the  nega¬ 
tive  film  with  the  conventional  ‘‘Bell  & 
Howell”  perforations  that  they  had  used 
previously.  There  were  several  reasons 
for  their  conservatism.  One  was  the  cost 
of  getting  new  equipment  after  they  had 
just  accumulated  a  great  number  of 
cameras  and  printers.  In  addition,  the 
libraries  of  “stock  shots”  and  completed 
pictures  that  had  been  accumulated 
amounted  to  millions  of  feet.  It  seemed 
undesirable  to  go  to  a  new  film  system 
using  another  perforation,  which  might 
interfere  with  the  smooth  operation  of 
printing  operations  using  the  older  nega¬ 
tives.  Film  of  the  current  American 
standard  was  serving  its  purpose  ad¬ 
mirably. 

This  episode  in  the  fortunes  of  an 
American  standardizing  body  is  an  excel¬ 
lent  example  of  the  position  occupied  by 
standards  in  the  United  States.  The 
standards  do  not  have  the  force  of  law 
and  neither  manufacturers  nor  users  arc 
required  to  follow  them.  The  individuals 
of  the  American  motion-picture  industry 
refused  to  follow  where  the  SMPTE  at¬ 
tempted  to  lead  by  publishing  a  standard 
'after  it  had  been  adopted  in  committee. 
As  a  result  of  the  “universal”  standard 


being  ignored,  the  Society  bowed  to  the 
desires  of  the  film  users  in  the  industry 
and  restored  the  “Bell  &  Howell”  nega¬ 
tive  perforation  to  the  standards,  where 
it  is  today. 

The  SMPTE  standards  were  reprinted 
in  1930  and  in  1941  in  the  form  of  a  book¬ 
let  of  American  Standards  approved 
during  the  period  of  informal  cooperation 
that  existed  soon  after  the  organization  in 
1928  of  the  American  Standards  Associa¬ 
tion.  By  1938  the  relationship  became 
more  formal  and  the  format  used  in  the 
publication  of  dimensional  standards 
issued  by  the  American  Standards 
Association  was  similar  to  the  present 
format  (Fig.  5). 

These  early  standards  were  very  brief 
and,  in  fact,  often  stated  things  by  impli¬ 
cation.  In  1941,  the  addition  of  notes  be¬ 
came  apparent.  Until  that  time,  there 
were  few  orienting  comments.  The 
standards  had  a  formal  and  conventional 
structure  which  sometimes  led  to  mis¬ 
understandings.’*  A  particularly  good 
example  (and  a  potentially  embarrassing 
item)  was  the  case  where  Germans  and 
Americans  started  to  use  opposite  sides 
for  the  location  of  the  soundtrack  and 
emulsion  for  16mm  film!’* 

After  1941,  other  orienting  material, 
less  vital  but  useful,  appeared  in  ap¬ 
pendices.  The  appendices  were  not  re¬ 
garded  as  a  substantial  part  of  the 
standard  itself,  but  as  material  which 
would  facilitate  the  use  of  the  standard. 
Orienting  discussions  are  useful  and  to  a 
degree  they  are  necessary.  There  are  no 
textbooks  in  the  field  of  motion-picture 
engineering.  Accordingly,  the  notes  arc 
the  only  comments  available  or  the  only 
source  of  information  for  the  casual 
reader  other  than  material  published  by 
the  sales  service  groups  of  the  film  manu¬ 
facturers. 

The  preceding  discussion  has  pointed 
out  the  way  in  which  standards  were 
written  in  an  effort  to  help  the  user  get 
good  results.  There  is  a  lirrut  as  to  how 
far  an  American  *  group,  working  as  a 
technical  committee,  can  go  in  this  con- 
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nection.  The  American  Standards  Assn, 
which  publishes  documents  of  this  kind,  is 
a  voluntary  association  and  the  standards 
are  not  obligatory,  as  noted  above. 
The  standard  does  not  tell  him  what  he 
can  have  or  must  take.  Surely,  the 
dimensions  must  have  tolerances  chosen 
so  that  interchangeability  is  assured. 
The  standards  must  also  describe  the 
needs  of  reasonably  well-made  equip¬ 
ment  in  current  use  and  its  performance. 
The  performance  of  the  resulting  film- 
camera  combination  that  conforms  to 


these  standards  must  be  acceptable. 
However,  the  attainment  of  substantial 
perfection  must  be  allowed  to  remain  a 
competitive  matter  among  manufactur¬ 
ers.  In  any  event,  it  may  be  said  that 
there  is  no  difference  if  the  customer 
cannot  perceive  it  in  the  behavior  of  the 
products  concerned ! 

“Univcrsar*  Perforations 

Most  prints  made  in  American  labora¬ 
tories  have  been  made  on  continuous 
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Fig.  6,  Dimensions  for 
35mm  film  as  given  in 
1938  in  the  form  used 
for  positive  film. 


sprocket-printers,  quite  unlike  the  situa¬ 
tion  in  Europe,  where  step  printers  arc 
generally  employed  to  make  prints. 
Sprocket  printers  operate  easily  and 
give  good  results  when  they  are  used  to 
mcike  prints  by  a  single  exposure. 

However,  the  uniformity  of  positioning 
in  this  printing  process  does  not  give 
consistently  reliable  results  for  tech¬ 
niques  requiring  two  or  more  exposures. 
When  Republic  Pictures  Corp.  began 
the  manufacture  of  Trucolor  prints  on 
either  side  of  a  special  film  stock  which 
had  emulsion  on  both  sides,  the  use  of 
optical  printers  was  considered  too 
expensive.  Therefore,  step-contact  print¬ 
ers  were  used.  Since  the  0.073-in. 
height  of  the  negative  perforation  was 
not  the  same  as  that  of  the  0.078-in. 

Miller  and  Robertson: 


positive  perforation,  the  situation  was  not 
improved.  Relative  movement  could 
take  place  in  a  vertical  direction,  so  a 
remedy  was  sought.  It  was  found  in  the 
use  of  the  “Dubray-Howell”  (DH) 
perforation^^  for  the  print  stock.  This 
perforation  had  a  height  of  0.073  in., 
the  same  as  that  used  for  negative  film, 
and  a  shape  much  like  the  perforations 
used  for  negative  film,  and  a  shape  much 
like  the  perforations  used  for  print  film. 
Figure  7  shows  the  outline  of  the  various 
perforations,  for  which  the  dimensions 
arc  given  in  thousandths  of  an  inch.  A 
printer  pin  that  would  fit  the  *‘Bcll  & 
Howell”  perforation  would  also  fit  into 
the  DH  perforation  even  though  it 
would  make  only  point  contact  at  the 
sides. 

Motion-Picture  Film  [9] 
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Fig.  7.  Outlines  of  various  forms  of  per- 
foi^ations  for  35mm  film. 

A  considerable  amount  of  film  thus 
perforated  was  printed  on  modified  Duplex 
printers  at  Republic.  Later,  when  a  new 
color  print  film  was  made  as  an  integral 
tripack  and  used  more  generally,  the  DH 
perforation  was  still  employed.  Today  the 
most  recent  style  of  color  print  film  still 
employs  the  DH  perforation  although  it  is 
not  regarded  as  a  universal  perforation.  Not 
all  users  are  aware  of  the  difference 
between  the  perforations  on  these  color 
prints  and  the  older  black-and-white  prints. 
Technicolor  changed  from  the  "Bell  & 
Howell"  perforation  on  their  imbibition 
prints  to  the  KS  perforation  late  in  1950,  so 
there  is  no  concurrence  in  this  field. 

It  is  worth  recalling  that  work  done  in 
1937  bv  the  Film  Dimensions  Committee 
showed  that  the  film  perforated  with  DH 
holes  gave  accurate  results  and  had  an 
adequate  projection  life.  A  modified  "Bell 
&  Howell"  perforation  which  had  round 
comers  was  considered  seriously  for  this 
purpose  but  was  finally  dropped.  This 
perforation  resembles  the  2mm  X  3mm 
"continental"  perforation  of  Chart  2  of  the 
Standards  of  the  Society,  published  in 
November  1934  (Fig.  6).  The  continental  or 
2mm  X  3mm  perforation  had  been  an 
alternate  form  listed  in  the  standards  as  a 
recognition  of  European  practice.  However, 
perforations  of  the  continental  shape  were 


little  used  in  America  and  the  standard  had 
been  effectively  superseded  by  April  1934. 

Wide-Screen  Processes, 

Cinemascope  Perforation 

In  1954,  a  new  wide-screen  system  was 
announced.^®  This  system  did  not  use  the 
wider  films  employed  to  produce  the 
Grandeur  pictures^^’^^  of  the  1930's.  The 
new  system  used  camera  lenses  with 
special  optical  properties  which  gave  an 
anamorphic  image  on  the  film.  This 
image,  when  rectified  in  projection,  gave  a 
more  elongated  rectangular  image  on  the 
screen.  The  use  of  elongation  obtained 
wider  pictures,  within  the  limitations  of 
ceiling  height  and  other  stmctural  features 
of  theaters,  and  made  it  practical  to  project 
at  higher  overall  magnifications.  This 
system  used  film  that  could  be  processed 
on  conventional  35mm  equipment.  This 
new  film  could  be  projected  on  projectors 
changed  so  slightly  that  conventional  films 
could  also  be  employed  in  them.  The 
projector  sprockets  were  changed  so  that 
they  would  handle  the  new  film  as  well  as 
the  old.^^ 

This  development  was  furthered  by 
devising  a  smaller  perforation  for  the 
Cinemascope  system.  The  new 
perforation  resembled  the  DH  perforation, 
but  was  only  0.078  in.  wide.  The  space 
made  available  by  narrowing  the 
perforations  was  taken  up  by  two 
magnetic  stripes  placed  inside  the  lines  of 
perforations  and  two  other  stripes  were 
placed  outside  the  line  of  perforations. 
Even  with  the  added  stripes,  it  was 
possible  to  make  the  projector  aperture 
0.912  in.  wide.  This  dimension  compares 
favorably  with  the  0.825-in.  width  used 
for  the  conventional  projector  aperture. 
Perforations  of  the  various  types  are 
shown  in  Fig.  7,  with  the  new  CS  at  the 
lower  right. 

The  height  of  the  projector  aperture 
used  in  the  CinemaScope  system  is 
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greater  than  that  of  the  conventional  sound 
aperture,  so  there  is  a  material  gain  in  the 
use  of  available  area  for  picture  information 
aside  from  the  apparent  gain  arising  from 
anamorphosis.  The  actual  heights  are  0.600 
in.  for  the  sound  aperture  and  0.715  in.  for 
the  new  aperture.  Recently  the  use  of  all 
four  magnetic  tracks  has  decreased  and  the 
Cinemascope  prints  carry  “magoptical” 
tracks  which  may  be  played  either  mag¬ 
netically,  or  as  photographic  soundtracks  as 
occasion  demands.  The  picture  aperture  is 
sometimes  changed  also.  A  number  of  these 
schemes  for  new  formats  were  studied^"^ 
and  used  abroad. 

Cinerama 

Another  system  which  gives  a  much 
wider  picture  had  been  announced  a  year 
previous  to  the  presentation  of 
Cinemascope.  This  earlier  system,  called 
Cinerama,  used  three  cameras  and  three 
projectors  to  give  a  united  wide  image  that 
created  an  illusion  because  of  the  great 
amount  of  peripheral  vision  that  was  made 
possible.  The  process  was  an  outgrowth  of 
the  Fred  Waller  Flexible  Gunnery  Trainer^^ 
used  to  train  aerial  gunners  to  hit 
fast-moving  air-borne  targets.  The  realism 
achieved  in  the  operation  of  this  trainer  was 
remarkable,  and  it  was  thought  a  civilian 
counterpart  could  produce  results 
heretofore  not  achieved  in  the  field  of 
entertainment. 

The  film  used  in  this  process  is  con¬ 
ventional  35mm  but,  in  terms  of  di¬ 
mensions,  it  has  an  unusual  feature.  The 
frame  is  six  perforations  high.  Ordinarily, 
the  height  of  a  35nim  motion-picture  frame 
is  four  perforations,  and  the  way  the  film  is 
generally  handled  cancels  some  of  the 
errors  of  perforating.  The  use  of  a  frame  six 
pitches  high,  when  the  film  is  perforated 
four  pitches  per  fi-ame  might  be  expected  to 
destroy  the  cancelling  effect^^  and  give  rise 
to  some  unsteadiness.  However,  film  is 
manufactured  more  accurately  today  than 
previously  and  the  use  of  cancellation  in 


projection  is  not  a  vital  factor  where  the 
extreme  accuracy  of  process  photography 
is  not  needed.  In  fact,  cancellation  is  not 
very  effective  if  the  errors  of  camera, 
printer,  or  projector  are  greater  than  the 
errors  of  perforation.  The  Cinemiracle 
process,  which  was  evolved  several  years 
later,  resembles  Cinerama. 

VistaVision  and  Technirama 

These  two  systems  produced  a  larger 
picture  than  that  employed  in  the  con¬ 
ventional  35mm  system,  but  achieved  it 
by  employing  a  35mm  frame  twice  as  big 
or  eight  perforations  long.  The  film  was 
moved  horizontally,  which  explains  the 
name  of  "lazy  eight"  that  was  sometimes 
applied  to  the  VistaVision  process.  The 
prints  at  first  were  made  by  contact,  and 
used  for  projection  in  especially 
equipped  theaters.  However,  most  nega¬ 
tives  were  printed  optically  in  various 
35mm  formats  used  in  more 
conventional  projectors. 

The  advantages  of  these  two  systems 
were  to  be  found  in  the  use  of  film  of 
traditional  size,  which  is  easily  purchased 
and  developed,  and  in  the  use  of  a  large 
negative  area.  The  use  of  film  in  the 
horizontal  position  had  been  tried  several 
times  before,  but  these  systems  were  the 
only  ones  that  reached  commercial 
proportions.  Printing  from  larger  formats 
thus  obtained  in  the  negative  leads  to  a 
reduction  of  grain  in  the  print.  This 
decrease  in  the  effective  granularity  of  the 
negative  makes  the  use  of  larger  negative 
formats  attractive.  One  of  the 
disadvantages  of  the  VistaVision  process 
possibly  was  connected  with  the  com¬ 
parative  large  acceleration  which  had  to 
be  used  (especially  in  the  projector)  to 
move  the  35mm  film  a  distance  of  1.496 
in.,  compared  to  a  distance  of  only  0.935  . 
in.  required  for  the  70mm  format.  Thus, 
the  advance  of  the  film  needed  for  the 
"lazy  eight"  was  60%  greater  than  that 
needed  for  the  wider  film.  However,  the 
area  (or  weight)  of  the  70mm  film  was 
25%  greater  than  that  of  the  35mm  film 
VistaVision  format. 
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Cinemascope  55 

Film  55.625nim  wide  was  employed  in 
the  camera  for  a  while  in  order  to  achieve 
reduction  of  grain  in  35mm  prints  having 
the  Cinemascope  format.  However,  there 
are  no  productions  in  the  market  today 
which  use  this  format. 

70mm  Wide  Screen  Process 

Other  systems  have  been  used  in  order  to 
give  the  viewers  a  sense  of  participation,  or 
to  reduce  the  effect  of  graininess  in  the 
projected  print.  Among  these  are  MGM 
Camera  65,  Panavision,  Super  Technirama, 
and  Todd  A-0,  all  of  which  use  70mm 
release  prints.^^ 

There  is  one  size  of  65mm  film  in 
current  use,  which  is  employed  as  a 
negative  film.^^  However,  there  are  three 
types  of  70mm  films,  only  one  of  which  is 
used  currently  for  motion  pictures. 
Obviously,  caution  must  be  used  in 
ordering  the  proper  film. 

One  70mm  film  was  derived  from  the 
old  "Grandeur"  film  used  in  the  1930's  and 
is  not  used  for  motion-picture  work  today. 
It  is  described  by  PHI. 20-1963^^  as  Type  I 
and  designated  in  that  standard  as 
something  not  intended  to  be  used  in 
motion-picture  photography.  It  has  a 
longitudinal  pitch  of  0.234  in.  rather  than 
the  usual  0.187  in.  It  uses  larger 
perforations  than  other  films.  Today  this 
film  is  used  mainly  in  recording 
instruments  and  a  few  styles  of 
special-purpose  data-recording  cameras, 
some  of  which  can  be  considered  as 
motion-picture  cameras,  although  not  used 
in  making  entertainment  films.  These 
cameras  are  used  in  gathering  data 
concerning  measurements.  Another  size  of 
film  which  conforms  to  PHI. 20-1963,  but 
is  designated  as  Type  II,  was  formerly 
described  by  a  Military  Standard.  This 
Type  II  film  has  a  margin  of  0.079  in.  and 
perforations  of  the  usual  KS  conformation. 
It  is  used  largely  for  aerographic  purposes 
and  for  still  pictures  in  the  Graflex  combat 
camera  which  is  built  for  cassette  loading 
with  an  expendable  magazine. 


The  70mm  fihn  described  first,  which  is 
the  one  used  today  for  current  motion 
picture  print^®,  is  new.  It  is  unusual  because 
it  has  the  perforations  of  the  65mm 
negative^^  with  extra  film  added  to  the 
region  outside  the  perforations  (as  it  were) 
in  order  to  make  room  for  several  magnetic 
soundtracks.  The  picture  frame  is  five 
perforations  high.  This  arrangement  was 
requested  originally  in  order  to  get  the 
desired  proportions.  Also,  this  time  it.  was 
planned  to  make  the  prints  in  projection 
printers  with  considerable  care  in  order  to 
get  maximum  steadiness  of  image.  The 
process  of  optical  printing  also  allowed  a 
calculated  distortion  of  the  image  to  be 
accomplished,  the  distortion  offsetting  that 
which  might  be  expected  to  take  place 
during  later  projection  on  curved  screens, 
and  at  considerable  angles  of  inclination. 
This  procedure  of  making  special  prints 
was  expected  to  give  the  least  possible  dis¬ 
tortion  of  tall  objects  visible  on  the  screen 
of  a  particular  theater.  Uncorrected  prints 
are  currently  being  made  by  contact  on  a 
sprocket  printer,  with  satisfactory  results.  It 
is  expected  that  there  will  soon  be  a  new 
proposed  standard  for  negative  film  to  be 
printed  by  contact.  Such  a  proposal  will 
differ  from  the  present  one  in  lhat  it  will 
have  a  slightly  different  longitudinal  pitch. 

Amateur  Movie  Films—Small  Films 

The  use  of  the  old  standard  35mm  fihn 
has  been  supplemented  to  some  extent  by 
70mm  film  which  is  used  to  produce  bigger 
images,  at  a  bigger  cost.  This  procedure 
can  be  justified  for  certain  pictures 
exploited  in  luxurious  theaters. 

Amateurs,  obviously,  cannot  afford 
costly  film  for  their  home  movies.  This  is 
the  reason  that  when  an  amateur  movie 
system  was  annoimced  by  Mees,^*  the 
16mm  size  was  chosen  as  a  good 
compromise  between  cost  and  utility.  In 
addition,  there  was  another  consideration  in 
respect  to  protection  from  fire.  It  was 
thought  that  some  small 
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operators  might  want  to  make  i6mm  film 
from  35mm  film  which,  at  that  time  was 
coated  on  flammable  nitrate  film  base.  The 
16inm  size  could  not  economically  be  cut 
from  perforated  35mm  film,  a  fact  which 
afforded  a  certain  degree  of  protection 
against  this  contingency.  It  has  been  a 
strong  tradition  in  the  American  film 
industry  that  16mm  and  8mm  film  must 
always  be  coated  on  safety  film  base. 

The  use  of  reversal  processing  obviated 
the  need  for  making  prints  and  thus  kept 
prices  low.  In  addition,  the  use  of 
controlled  second  exposures  in  processing 
gave  images  which  were  uniform  in  density 
in  spite  of  variations  in  exposure  or 
emulsion  thickness.  The  pictures  were 
astonishingly  free  from  graininess.  All 
these  advantages  resulted  in  success  for  the 
16mm  system,  which  had  not  been  attained 
by  the  30  or  more  systems  12  previously 
intended  and  exploited  for  amateur  use. 

The  dimensional  standards  for  this  16mm 
fil^^  were  announced  soon  after  the  film 
was  introduced.  This  was  quite  unlike  the 
situation  where  35mm  film  was 
standardized  some  time  after  commercial 
utilization.  The  dimensions  of  16mm  film 
have  remained  largely  unchanged  over  the 
years,  if  we  except  the  narrowing  of  the 
width,  and  the  shortening  of  the  pitch  for 
professional  camera  original  film.  These 
changes  had  to  be  made  to  offset  the  effects 
of  decreased  shrinkage  that  took  place 
when  the  film  base  was  improved. 

Actually,  the  "amateur”  i6mm  film  has 
changed  character.  Very  excellent 
equipment  is  made  for  this  format  which  is 
employed  extensively  today  as  a  medium 
for  professional  use.  Today  the  amateur 
generally  uses  8mm  film;  this  smaller  size 
was  made  possible  by  improvements  in  the 
graininess  of  emulsions.  The  dimensions  of 
the  film^'*  have  not  changed  much  since 
they  were  published  as  DS8-1-1  and  as  the 
proposal  for  Z22.23  in  1938.  However,  the 
film  actually  came  into  use  in  1932. 


In  recent  years,  8mm  projectors'^  have 
been  provided  with  magnetic  soundtracks^^’^^ 
which  later  were  standardized^^  with  test 
films  provided  for  them.  There  has  also  been 
talk  of  producing  photographic  sound  on  film 
of  this  size. 

The  cost  of  processing  narrow  films  has 
been  a  problem,  since  the  length  is  large 
compared  to  the  area.  Accordingly,  the  cost 
of  labor  and  equipment  required  to  handle  it 
is  greater  than  one  would  like.  The  problem 
was  met  in  the  8mm  system  by  making  the 
camera  film  a  "double  8"  or  16mm  in  width. 
In  the  16mm  field,  the  32mm  print  film"^^  is 
analogous.  Also,  there  is  35mm  film 
perforated  which  allows  the 

laboratory  to  use  its  developing  equipment  to 
produce  both  16mm  and  35mm  sizes. 
Eventually  there  will  be  a  proposal  for  35nim 
film  to  be  perforated  8mm  with  five  rows  of 
perforations,  which  subsequently  will  be  split 
to  form  four  strips  of  8mm  prints. 

In  recent  years,  there  has  been  much 
interest  in  new,  small  film  formats  with 
special  reference  to  their  use  in  education. 
Information  on  this  subject  is  contained  in 
sections  on  nontheatrical  films  and  8mm 
cinematography  of  the  Progress  Committee 
Reports  for  1962,  1963,  and  1964,  in  the  May 
1963, 1964  and  1965  issues  of  the  Journal. 

Problems  of  Printing 

Thus  far,  the  films  described  have  been  of 
considerably  different  sizes,  and  little 
mention  has  been  made  of  films  which  differ 
only  slightly  from  each  other  and  serve  in  a 
special  complementary  relationship. 

Such  paired  films  are  made  up  of  a 
developed  and  edited  negative,  and  the 
positive  raw  stock  to  be  printed  from  it. 
Formerly,  the  original  dimensions  of  the  two 
films  could  have  been  the  same  at  the  start  or 
at  time  of  manufacture.  The  reason  that  this 
near  identity  of  dimensions  could  be  used  was 
that  the  prints  might  have  been  made  by  a 
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ARRANGEMENT  FOR  CONTINUOUS  CONTACT  PRINTING 


Fig.  8.  Schematic  of  a  sprocket  printer  showing  the  relationship 
that  necessitates  a  shorter  pitch  if  the  negative  is  not  to  slip 
during  exposure. 


process  wherein  the  separate  frames  were 
exposed  one  by  one  in  a  "discontinuous” 
process  of  step  printing.  In  such  a  case, 
the  exact  size  of  the  longitudinal  pitch  -- 
within  limits  -  would  not  matter.  If 
printing  was  done  by  a  continuous 
process,  it  would  be  done  from  negatives 
that  had  shrunk  during  the  time  normally 
used  for  editing.  Accordingly,  the 
negative  had  attained  a  shrinkage  which 
satisfied  the  demands  imposed  by  the 
geometry  of  the  process. 

Continuous  printing  is  generally  done 
on  a  device  having  a  sprocket,  as  shown 
schematically  in  Fig.  8.  This  arrangement 
requires  that  the  pitch  of  the  negative, 
which  is  placed  on  the  inside  of  the  pair 
of  films,  must  be  shorter  than  the  pitch  of 
the  print  stock.  The  latter  is,  of  course,  the 
one  placed  on  the  outside  of  the  pair  of 
films. 

If  the  proper  difference  of  pitches  were 
not  accomplished,  the  actual  surface  speed 
of  the  films,  which  are  fed  over  the 
printing  drum  by  the  sprocket  teeth  pitch 
by  pitch,  would  not  be  the  same.  In  that 
case,  there  would  be  differential 
movement  between  the  two  pieces  of  film. 
Slippage  would  take  place.  The  result 
would  be  blurring  of  outlines,  particularly 
parallel  horizontal  lines. 


and  a  general  feeling  on  the  part  of  an 
observer  that  sharpness  had  been  lost. 
Sometimes  the  adjustment  of  lengths  that 
occurs  when  there  is  a  poor  matching  of 
pitches  is  delayed  for  several  frames.  A 
rather  large  jiunp  is  the  result.  Not  only  does 
slip  affect  the  quality  of  pictures,  but  it  has  a 
bad  effect  upon  sound  as  well. 

The  sprocket  teeth  are  not  indicated  in 
Fig.  8,  but  the  neutral  surfaces  of  the  film  are 
shown.  These  are  the  regions  about  which 
bending  takes  place  without  a  change  taking 
place  in  their  length.  These  neutral  planes 
are  the  ones  from  which  calculations  are 
made.  In  bent  film,  the  portion  of  film  lying 
inside  the  neutral  surface  is  slightly 
compressed,  and  the  portion  outside  is 
slightly  stretched. 

For  best  results,  the  difference  in  pitch 
can  be  calculated  if  we  know  the  thictoess 
of  the  film  and  the  dimensions  of  the 
printing  sprocket.  The  difference  in  pitch 
which  gives  nonslip  printing  is  the  ratio  of 
the  thickness  of  the  film  to  the  radius  of  the 
sprocket  corrected  for  the  added  fihn 
thickness.  The  optimum  value  is  close  to 
0.3%  for  a  sprocket  1  ft  in  circumference. 
Observe  that  the  ratio  is,  more  precisely,  the 
film  thick 
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Fig.  9.  Reladonshtp  between  the  pitch-differential  of 
positive-negative  pair  and  the  steadiness  of  the  resultant  prints. 


ness  divided  by  the  value  representing  the 
radius  of  the  base  circle  increased  by  half 
the  thickness  of  the  inner  film. 

Negatives  made  with  the  safety  film 
base  used  today  do  not  shrink  0.3%  while 
stored  during  the  time  needed  for  editing.. 
In  fact,  since  1950,  the  negatives 
generally  used  do  not  shrink  the  0.2%  that 
would  give  tolerable  results  at  the  lower 
level  of  pitch  differential.  Some 
corrective  action  is  needed.  Accordingly, 
the  pitch  of  negatives  made  on  the 
improved  safety  film  bases  available 
today,  must  be  shortened  ahead  of  time."*^ 

The  amount  of  shortening  that  is 
necessary  is  indicated  in  Fig.  9  which 
shows  an  experimental  verification  of  the 
value  required  by  geometric  theory."^ 
Streiffert's  later  data,"^^  when  plotted,  gave 
similar  results.  These  data  describe 
measurements  of  flutter  made  on  sound 
recordings. 

The  ordinates  in  Fig.  9  show  the  ratings 
given  by  a  jury  for  a  number  of  prints 
made  from  negatives  of  different  pitches. 
The  ratings  are  actually  demerits,  and 
hence,  the  lower  the  value 


the  better  the  performance.  The  demerits 
are  stated  on  a  five-point  scale,  where  E 
represents  the  worst  prints  ever  seen  and 
A  represents  the  best. 

In  some  of  the  experiments,  the 
negatives  were  perforated  to  a  shorter 
pitch  than  the  normal  value;  in  other 
cases,  the  difference  in  pitch  was  secured 
by  aging  procedures.  In  all  cases,  the 
pitch  differential  in  percentage  values  is 
shown  as  abscissae.  The  dotted  vertical 
lines  show  the  acceptable  range  of 
privileged  prior  opinion  of  individuals 
examining  prints  in  review  rooms.  The 
range  of  values  seems  well  chosen  and  the 
mean  agrees  with  the  value  chosen  from 
geometric  considerations.  There  is  a 
certain  amount  of  scatter  in  the  location  of 
the  points,  but  the  minimum  value  is 
easily  decided  upon  and  is  very  close  to 
the  calculated  value  of  0.3%.  The  results 
show  a  loss  of  one  letter-rating  point, 
going  from  0.3%  pitch  differential  up  to 
0.4%,  or  down  to  a  differential  of  0.2%. 

A  description  of  this  relationship 
between  positive  and  negative  films  is 
given  briefly  in  the  Appendix  of  Per 
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forating  Standards.  An  example  is  to  be 
found  among  the  several  proposed 
Standards  published  in  the  September 
1963  issue  of  the  Journal.  The  standards 
cited  are  for  35mm  film  perforated  KS- 
1870,  and  for  35mm  film  perforated 
DH-1870,  These  are  examples  of  print 
stock."^^’"^’  The  same  issue  of  the  Journal 
contains  a  proposal  for  35mm  film 
perforated  which  is  the  best 

example  of  film  used  for  camera  nega¬ 
tives. 

The  task  of  identifying  film  perfora¬ 
tions  properly  has  grown  more  difficult  as 
the  variety  of  perforation  types  has 
increased.  The  use  of  identifying  letters 
such  as  BH  and  KS  used  in  the  para¬ 
graphs  above  was  started  recently." 

The  system  is  being  extended  so  as  to 
describe  the  more  elaborate  special- 
purpose  films  fi'equently  used  to  decrease 
the  cost  of  printing  16mm  or  8mm  film, 
or  to  decrease  the  need  for  another  set  of 
developing  tanks  in  the  laboratory. 

Problems  of  Developing  and  Later  Use 

Vexatious  problems  often  arise  when 
someone  who  sets  up  a  new  venture  in 
picture-taking  does  not  consider  the 
subsequent  steps.  For  instance,  35nim 
film  perforated  32mm,  cannot  be  de¬ 
veloped  on  35mm  machines  made  with 
sprockets  designed  to  fit  35mm  film 
perforated  KS-1870;  a  sprocketless  de¬ 
veloping  machine  must  be  used.  If  this 
machine  is  not  available  locally,  then  the 
exposed  material  must  be  shipped  away 
for  development.  The  added  expense  may 
not  be  a  cmcial  matter,  but  the  delay  is 
often  very  troublesome. 

Similar  troubles  could  be  encountered 
in  the  use  of  70mm  film  existing  in 
several  formats.  Indeed,  while  there  is  a 
considerable  choice  of  equipment  for 
motion-picture  films  of  conventional 
width  and  fi*ame-size,  there  is  little  choice 
(and  sometimes  none)  for  equipment 
designed  to  handle  the  unusual  format. 
Sometimes  equipment  has  to  be 


made  to  special  order,  which  is  an 
expensive  and  slow  process. 

Summary 

In  this  paper  the  authors  have  at¬ 
tempted  to  show  the  progress  of  the  art  of 
making  motion  pictures,  and  the  problems 
of  standardizing  the  dimensions  of  the 
resultant  products.  In  the  beginning,  there 
was  a  tendency  to  produce  films  of 
different  sizes  because  of  lack  of  contact 
between  the  entrepreneurs,^®  or  even 
because  of  a  kind  of  pride  in  having 
something  different.  However,  most  of  the 
recent  changes  have  been  made  with  good 
reason.  One  example  is  the  saving  of  area 
in  the  CinemaScope  process,  which  also 
permits  peripheral  viewing  of  the  pro¬ 
jected  image.  Another  example  of  a  - 
defensible  change  is  the  use  of  the  70mm 
process  to  reduce  the  effect  of  graininess 
observed  in  the  projected  print,  or  to  get 
more  light  on  the  screen.  As  a  result  of  the 
adoption  of  these  new  sizes,  there  are  a 
number  of  sizes  available  to  designers 
who  want  to  develop  equipment  for  new 
purposes. 

In  addition  to  a  knowledge  of  the 
geometry  underlying  the  design  of  a 
sprocket  printer,  a  good  understanding  of 
the  printing  operation  requires  some 
knowledge  of  the  changes  taking  place  in 
the  size  of  film  with  the  passage  of  time 
and  also  with  changing  conditions  of 
storage.  For  example,  film  can  undergo 
changes  that  are  reversible,  as  when  it  is 
heated.  Under  these  conditions,  it 
expands;  when  it  is  cooled,  the  film 
contracts  again  as  do  most  other  materials. 
Similar  changes  in  dimensions  take  place 
when  film  is  taken  from  surroundings  of  a 
given  humidity  and  then  put  into  a  moister 
atmosphere.  The  film  will  swell,  just  as 
wood  does,  and  will  shrink  when  it  is 
changed  to  drier  surroundings.  The  size  of 
these  reversible  changes  can  be  typified 
by  making  measurements  and  then 
calculating  the  thermal  and  humidity 
coefficients.  These  values  give  the 
fractional  change  in  size  in  terms  of 
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percentage  change  per  degree  Fahrenheit  or 
changes  with  respect  to  the  percentage 
relative  humidity.^* 

There  are  also  changes  in  size  which  take 
place  over  a  greater  length  of  time  because 
the  solvents  have  left  the  film.  This  change 
in  size  is,  of  course,  shrinkage.  This  is  an 
irreversible  change.  The  extent  of  long-term 
shrinkage  has  decreased  over  the  years,  but  it 
still  is  a  factor  to  be  reckoned  with  if  the 
operator  intends  to  make  prints  from  old 
negatives.^^'^'^ 

Data  about  long-term  shrinkage  are  also  of 
interest  in  connection  with  projection 
practice.  However,  in  current  American 
practice,  shrinkage  is  seldom  so  great  that  the 
operation  of  the  projector  is  impaired.  An 
exception  can  be  found  in  unusual  equipment 
(including  cameras)  where  the  film  occupies 
too  great  a  "wrap"  around  a  sprocket  thereby 
bringing  into  use  more  teeth  than  may  be 
necessary.  Arbitrarily,  and  as  a  start  for 
discussion,  the  greatest  number  of  teeth  in 
engagement  may  be  set  at  six.  The 
engineering  principles  have  been  discussed^^ 
and  set  forth  in  a  recommended  practice^^ 
which  should  be  consulted  for  quantitative 
discussion. 

This  paper  outlines  the  need  for 
dimensional  accuracy  and  comments  upon 
the  notes  and  appendices  to  standards  which 
serve  as  sources  of  information  in  a  field 
where  there  are  no  textbooks. 

Acknowledgment  is  made  to  many 
colleagues  in  the  Film  Dimensions 
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Moyer,  "Shrinkage  behavior  of  motion 
picture  film,"  Jour.  SMPTE,  64:  62-66, 
Feb.  1955. 

53.  P.  Z.  Adelstein  and  J.  M.  Calhoun,  "Inter 
pretation  of  dimensional  changes  in  cel 
lulose  estar  base  motion-picture  films," 
Jour,  SMPTE,  69:  157-163,  Mar.  1960. 


54.  Storage  and  Preservation  of  Motion-Piciure  Film, 

Eastman  Kodak  Co.,  Rochester,  N.Y. 

55.  J.  S.  Chandler,  D.  F.  Lyman,  and  L.  R.  Martin, 
"Proposals  for  16mm  and  8mm  sprocket 
standards,"  Jour.  SMPTE,  48:  483-520,  June, 
1947. 

56.  Committee  on  Standards  Report,  "Recom¬ 
mendations  for  16mm  and  8mm  sprocket  design," 
Jour.  SMPTE,  54:  219-228,  Feb.  1950. 


Miller  and  Robertson:  Motion-Picture  Film  [19] 
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Index  to  SMPTE-Sponsored  Amerkaa  Standards  and 
Recommended  Practices  mnuasy  ms 

Individual  Copias  Individual  copies  of  the  following  American  Standards  and  a  loose-leaf  binder  containing  a  complete  set  of 
Of  all  SM PTE-sponsored  American  Standards  and  SMPTE  Recommended  Practices  can  be  purchased  from  the 

Standards  Binder  American  Standards  Association.  Inc.,  10  East  40  St.,  New  York,  N.  Y.  10016  (212  MU  3-3058). 


Subscription  Service  Those  who  would  like  to  keep  their  Standards  Binder  up  to  date  can.  for  an  annual  fee.  avail  themselves 
of  a  subscription  service.  The  service  will  supply  all  approved  American  Standards  and  Recommended 
Practices  which  are  sponsored  by  the  SMPTE  and  which  are  validated  during  the  calendar  year.  Proposed 
American  Standards  and  Proposed  SMPTE  Recommended  Practices  are  published  in  the  Journal  and  are  not 
included  in  the  subscription  service.  A  complete  binder  may  be  purchased  with  the  subscription  service. 
Write  to  SMPTE  for  detailed  information  regarding  this  service. 


Suijtet  Std,  No,  Journal 

Apertures*  Camera 

. . PH22.19-1964  July  1964 

. . PH22J  -1964  July  1964 

35min . PH22.39-1954*Scpt.  1954 

Sept.  1964‘ 

Aperturei,  Printer 

I6niai  Contact  (poeitivc 

1  from  negative) . PH22.48-1956*  June  1956 

Feb.  1964* 

16xnzn  Cijntact  (revenaJ 

dupes) . PH22.49-1946*Apr.  1946* 

R1955  Feb.  1964* 

35nuxi  to  t6mjii  (16mm 

positive  priati) . PH22.46-194S*  Apr.  1946 

R1959 

35mm  to  16inm  (16mm 

dupe  negative) . PH22.47-1946*  Apr.  1946 

R1959 

16mm  to  35  mm  Enlargement 

Ratio . PH22.92-1953*  Jan.  1953 

R1959 

35mm  Release  Picture- 
Sound  Coatinuous 

Contact . PH22.111-1959*  June  1958 

Oct.  1964* 


Apertures,  Projector 

8mm . PH22,20-1957*  Aug.  1957 

Aug.  1964* 

16inm . PH22.8  -1957*  Aug.  1957 

Dec.  1964* 

35mm . PH22.58-l954*Sept.  1954 

Sept.  1964* 

35mm  (Anamorphic 

2.55:1) . PH22. 104-1937 ‘Mar.  19S7« 

Jan.  1964» 

35xxim  (Anamorphic 

2.35:1) . PH22.106-1937*Dec.  1957 

Sept.  1964* 

nim  Dimenstonst 

Dimensions  for: 

16inm,  Perforated  8mm,  2R- 

1500 . PH22.17-1954*May  1954,  Aug,  1962* 

I6mm,  lR-2994 . PH22.1 09-1938*  Aug.  1958 

Oct.  1964* 

16mm,  IR.3000 . PH22.12-1954*  Jan.  1954 

Aug.  1962* 

Umm,  2R-2994 . PH22.110-1958*  Aug.  1958 

Oct.  1964* 

1 6mm,  2R-3000 . PH22.J-1953*  Jan.  1954 

Aug.  1962* 

32mm,  2R-2994 . PH22.141  Sept.  1963* 

32mm.  2R-3000 . PH22.71-1957*Mar.  1957 

Sept.  1963* 

32mm,  4R-2994 . PH22.142  Sept.  1963* 

32inm,  4R-3000 . PH22.72-1957*Mar.  1957 

Sept.  1963* 

35aun,  Perforated  32inm, 

2R-2994 . PH22.73-1958*  June  1958 

2R-3000 . PH22.138  Aug.  1962* 

35mm,  BH.1866 . PH22.93-1964  Dec,  1964 

35mm,  BH-t870 . PH22.34-1964  Dec.  1964 

35mm,  CS-1870 . PH22.102-1964  Dec.  1964 

35mm,  DH-1870 . PH22. 1-1964  Dec.  1964 

35ram,  KS-1866 . PH22.139-1964  Dec.  1964 

35mm,  KS-I870 . PH22J6-1964  Dec.  1964 

65mm,  KS.1866 . PH22.I45  Oct.  1964* 

62mm,  KS-1870 . PH22.H8-1961  Mar,  1961 

<0mm.  Perforated  6Smm, 

KS.1870 . PH22.119-1961  Mar.  1961 


Sufyoct  Std,  No.  Journai 

Film  Usage*' Camera 

8mm . PH22.2I-1964  Dec.  1964 

16mm.  2R . PH22.9  -1956*  June  1956 

Sept.  1964* 

16inm,  IR . PH22.15-1935*  Sept.  1955 

May  1963* 

35mm . PH22.2  -1961  Nov,  1961 


Film  Usage*  Projector 

8mm . PH22.22-1964  Dec.  1964 

16mm,  2R . PH22.1(>-1964  Dec.  1964 

16mm.  IR . PH22. 16-1935 ’Sept.  1955 

Mav  1963* 

35mm . PH22.3  -1961  July  1961 

35mm  (Anamorphic) . PH22.1 03-1957  •Mar  1957 

Oct.  1964* 

Sound 


Photographic 


16mm . PH22.4I-I957*  Aug.  1957 

35mm . PH22.40-1957*Nov.  1957 


35mm  Double  Width  Push- 

PuU,  Normal  Centerline. .  PH22.69-1960  Nov.  1948 

Dec  1960« 

35mm  Double  Width  Push- 
Pull,  Offset  Centerline, . . .  PH22.7(V-1960  Nov.  1948 

Dec.  I960* 

Magnetic 

8mm 

Stripe . PH22.S8-1963  June  1963 

Reproducing  Character¬ 
istic . PH22.1 34-1 963  July  1963 

Sound  Record . PH22. 1 35-1962  Nov.  1962 

16mm 

30  .Mil-Stripc . PH22.1 01-1963  June  1963 

50 -Mil  Mag-optical 

Stripe . PH22,127-1962  Nov.  1962 

lOO-Mil  Stripe . PH22.87-1958*  June  1958 

Dec.  1964* 

200-MU  Stripe . .PH22.97-1964  Mar.  1964 

16mm,  Perforated  8mm.  PH22.1 36-1963  June  1963 
Picture-Sound  Separation.PH22.112-1958*June  1958 
35mm 

Four  lOO-Mil  Records...  PH22.108-1958*Junc  1958 
Four  Records, 

Release  Prints . PH22.137-1963  Jan.  1964 

35/l7)-9mm 

I  or  3  200-MU  Records  ..  .PH22.86-1962  May  1962 


Television 


Image  Area 

16mm  Film . PH22.96-1963  Oct.  1963 

35mm  Film . PH22.93-1963  Oct.  1963 

Slides  and  Opaques . PH22.94-1934*May  1954 

Dec.  I960* 

16mm  Projector,  Monochrome 
Film  Chains  Full  Storage 

Basis . PH22,91-1955*  Apr.  1955 

I6inm  Intermittent  Projector ..  .PH22, 125*  Oct.  1960* 


Density  and  Cootrast 
Range.  Films  and  Slides 
(SMPTE  Recommended  Practice 

RP  7-1962) . May  1962 

Safe  Action  Area  (SMPTE 

Recommended  Practice  RP  13-1963) _ Dec.  1963 

Safe  Tide  Area  (SMPTE 

Recommended  Practice  RP  8-1961) . . . .  .July  1961 
2x2  Slide  Mount  (SMPTE 

Recommended  Practice  RP  9) . Jan  1961* 

Slides  and  Transparencies 


for  TV . PH22.144  Apr.  1964i 


Society  of  Motion  Picture  and  Television  Engineers  fafoxN 
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Teat  Films 
Phocographic 

I6mm  ■w:>0-Cyclc  Siena!  Level.  PH22. 45-1 962  Nov.  1962 

5000-Cvclc  Flutter - PH22.43-1961  July  1961 

5000-Cyclc  t  „  1  r 
7000-Cycle )  Focusing 

. PH22.42-1962  May  1962 

Buzz-Track . PH22.57-1963  June  1963 

MuUifrequency . PH22.44-1963  Feb.  1963 

Sound  Projector  (SMPTE 
Recommended  Practice 

RR  18'— 1964) . Nov.  1964 

Theater  Test  Reel . PH22.79-1950*  Apr.  1950 

ScanniM  Beam,  Labora-  R1956 

tory  Type  (corrected) .  Z 22. 80- 19 50  •Nov.  1952 
35mm  1 000- Cycle  Balancing.  .PH22. 67-1960  Nov.  1948 

Oct.  1960< 

7000-CycIc  Sound 

Focusing . PH22,61-1963  July  1963 

9000 -Cycle  Sound 

Focusing . PH22.62-I960  Nov.  1948 

^  Oct.  1960< 

Buzz-Track . PH22.68-1962  May  1962 

Scanning  Beam, 

Service  Type . PH22.65-1948*Nov.  1948 

R1953 

Theater  Test  Reel . PH22.60-1959*  .Nov.  1948 

Nov.  1959« 

Magnetic 

8mm  Azimuth . .PH22.129-I962  Nov.  1962 

400-Cycic  Signal  Level. PH22.130-1 962  Nov.  1962 

Flutter . PH22.128-1962  Nov.  1962 

Multifrequcncy . PH22.131-1962  Nov.  1962 

16mm  .Azimuth  Alignment.  . PH22. 1 14-1 9 59  July  1959 

Multi-Azimuth . PH22.I26-1961  Nov.  1961 

400-Cydc  Signal  Lcvrl .  PH22.132-1963  June  1963 

Flutter . PH22. 113-1 958  •Jan.  1959 

Multifrequcncy . PH22.140  Sept.  1963> 

35mm  .Azimuth  Alignment. .  .PH22.99- 1955 •.May  1955 

Flutter . PH22.98-I963  Oct.  1963 

Test  Methods,  IGmm  Sound  Distortion 
Cross  Modulation,  Variable- 

Area . PH22.52-1960  Oct.  1954 

.  Dec,  1960* 

Intermodulation,  Variable- 

Density . PH22.31-1961  July  1961 

Test  Plate 

Resolution  Target, 

16mm  Projector . PH22.33-1953*May  1953» 

.r.  ,  .  Dec-  1964* 

video  Magnetic  Tape  Recording 

Leader . C98.2-1963  Dec.  1963 

Modulation  levels  (SMPTE  Recommended 

Practice  RP  6-1960) . Dec.  1960 

Patch  .Splices  (SMPTE  Recommended  Practice 

RP  5-1964) . Apr.  1964 

Records,  Characteristics  of  Audio 

. . C98.3-1963  Dec.  1963 

Record  Dimensions.  Video,  Audio  and 

Tracking  Control . C98.6  Apr.  1964‘ 

Record,  Tracking  Control  (SMPTE 

Recommended  Practice  RP  16-1964) . May  1964 

Reels . C98.5  May  1963* 

Signal  Specifications  for  .Alignment  Tape 
(SMPTE  Recommended  Practice 

RP  10-1962) . July  1962 

Speed . C98.4-1963  Dec.  1963 

Tape  Dimensions . C98.1-1963  Dec.  1963 

Tape  Varuiim  Guide 

(SMPTE  Recommended  Practice 

HP  11-1962) . Mar.  1962 

MISCELLA.VEOUS 
Cores  for  Raw  Stock  Film 

16inm . PH22.38-1964  Mar.  1964 

35mm . PH22J7-1963  Jan.  1964 

Density  Measurements 
Calibration  of  Densitometers  (SMPTE 

•  Under  Committee  review.  R — Reaffirmed. 


Sid.  So.  Journol 

Recommended  Practice  * 

RP  15-1964 . Apr.  1964 

Spcc  ral  Diffu-c . PH22.117-1960  Dec.  1960 

Iran  mission . PH22.27-1960  Mar.  1948 

Oct.  1960* 

Edge  Numbering,  16mm  Film.  .PH22.83-1952^.Vov.  1952 

Film  Length,  8mm  Camera  Spool 

(23  ft.  Capacity) . PH22.143  Oct.  1963* 

Film  Winding 

16mtn.  IR . PH22.75-1953  Feb.  1954 

Lamps,  16mm  and  8mm  Projectors 

Base-Up  Type . PH22.84-19$4  July  1964 

Base-Down  Type . PH22.85-19C4  July  1964 

Lens  - 


Aperture  Calibration . PH22.90-1964  June  1964 

Focal  Lengths, 

Markings,  35inm . PH22.28-1958*  June  1958 

Focus  Scales,  1 6nun  and  Sneun 

Cameraj.. . PH22.74-I931*Sept.  1949 

,  R1957  Oct.  1963* 

Lens  Mounts 

16  i  8imn  C^eraa.  . PH22.76-1960  Feb.  I960 

High-Speed  Motion-Picture  Cameras 
(SMPTE^Rcconinicnded  Practice 
R1964 

Non.««I«l.r"^ra;i . 

(Sections  1-4) . PH22.56-1961  July  1961 

(Sections  5-7) . .PH22.56a-1964  Mar.  1964 

Photometric  Performance, 

Incandescent  Lighting  Units 

(lES-SMPTE  Recommended  Pratv  Sept.  1958 

dee  RP  4-1958)* . May  1959‘ 

Reels 

. PH22.23-1958*Aug.  1958 

. PH22.11-1953*Scpt.  1953 

^5mm . Z22.4-l941*Mar.  1941 

Aug.  1963* 

Reel  Spindles,  16mm . PH22.50-1960  Dec.  1952 

Oct.  I960* 

Release  Prints,  35mm . Z22.55-1947*Mar.  1948 

Reversal  Color  Film  Speed . PH227146 

Safety  TQm . PH22.31-1958*  Jan.  1959 

Scene  Change  Cue . PH22.89-1 958 ‘June  1958* 

^  Sept.  1964> 

Screen 

Brightness,  3Smm  Motion 

. ..,PH22.39-1953  May  1953 

Withdrawn  1964 . July  1964* 

35mm  Indoor  Theaters _ PH22.124-196i  Sept.  1961 

35mm  Review  Rooms . PH22.193-1963  June  1963 

Drive-In  Theaters 

(SMPTE  Recommended  Practice 

RP  12-1962) . July  1962 

16mm  Review  Rooms . PH22.1 00-1953*  Feb.  1956 

Sensitometnc  Strips  (SMPTE  Recommended 

Practice  RF14-1964 . Apr.  1964 

Splices,  16  &  8mm 

Laboratory  Type . PH22.77-1952*June  1952 

«  .  .  Aug.  1964* 

Projection  Type . PH22.24-1932*  June  1952 

Aug.  1964* 

Spools,  Smin,  25-ft  Capacity - PH22.107-1964  June  1964 

Sprockets 

16mm 

(SMPTE  Recommended  Practice  RP-1930) . 

Rl963Fcb.  1950 

35mm . PH22 J5-1962  May  1962 

Unsteadiness,  High-Speed  Camera 
(SMPTE  Recommended  Practice 
RP  17-1964) . May  1964 


•  Under  Committee  review.  R — Reaffirmed. 

T-t ”nM 'r”  m°i7  “'‘‘j'*'.  perforarion  pitch  (wthout  the  decimal  point)  and  a  code  designation  for  the  perforation 
ihape  ko  DH  Cl>  (Bell  4  Howmll.  KodaJc  Standard,  Oubray-Howell,  OnemaScope) — or  number  of  row,  of  perforations  (IR, 

2R  or  4R),  depending  on  which  is  the  significant  factor.  hcwui-uoju 

I  standard  or  recommended  practice.  *  To  be  withdrawn.  •  Notice  of  intended  withdrawal. 


c-22 


APPENDIX  D 

AMERICAN  STANDARDS  ASSOCIATION 


The  following  American  Standards  are  reproduced  by  permission  of  the 
ASA,  copyright  holder.  Copies  may  be  purchased  from  the  American  Standards 
Association,  10  East  40th  Street,  New  York,  N.Y.  10016. 
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American  Standord  Dimensions  for 


35mm  Motion-Picture  Film,  KS-1870 


Mat  U.y.  fmt.  C/. 

36-1 964 

i«viMOA  ol 
fH22.)AI9S4 

•UDC  //S. 5771. 5 


I  el  a 


1.  Scope 

This  standard  specifies  the  cutting  and  per* 
forating  dimensions  for  35mm  motion-picture 
film  with  o  KS-type  perforotion  and  a  per¬ 
foration  pitch  of  OA  670  in. 


2.  Dimensions 

2.1  The  dimensions  shall  be  os  given  in  the 
figure  and  table. 

2.2  These  dimensions  apply  to  material 
immediately  after  cutting  ond  perforating. 

2.3  Dimension  L  represents  the  length  of  any 
100  consecutive  perforation  pitch  intervals. 


1 

I 

0 

1 

■  -  C 

Dimtnsioni 

A  film  width 
e  P«rfo/Qtion  pilch 
C  P«rforotlon  width 
I  0  Ptrloroiion  h«{ght 
I  6  Edo*  ptrforolion 
j  f  Width  belw««n  pe/torotions 
G  Perforation  skewness 
I  I  too  consecutive  perforation  pilch infervoU 
I  R  Radius  of  perforation  fUlel 

NOTES 

t.  The  title  of  this  stondord  was  established  by  the 
opplicolionot  o  rsome nc lot ure  sytlem  developed  lor  oil 
film  dimcmton  ilondcrdi:  Eoch  title  provides  an  indica- 
lion  of  lh«  film  width,  o  code  designulion  lor  the 
perlofotion  shope  fSH,  KS,  OH,  or  CS)  or  the  number 
ol  rows  ol  perlorolions  ( I R,  2R  or  4R|,  depending  upon 


inches 

}  Millimeters 

1.377 

±  0.001 

34.973 

j 

0.025 

0.1870 

±  0.0005 

4.750 

j. 

0.013 

0.1100 

0.0004 

1  2.794 

L 

0.010 

0.0780  :k  0.0004 

i  1.981 

Jl 

0.010 

0,079 

±  0.002 

.  2.01 

A 

0.05 

0,999 

±  0.002 

!  25.37 

0.05 

0.001 

moA 

;  0.03 

moA 

18.700 

±  C.015 

474.98 

0.38 

0.020 

±  0.001 

1  0.51 

0.03 

which  is  the  lignifkanl  factor,  ond  the  perforotion 
pilch  without  the  decimol  poinl. 

2.  The  metric  values  in  the  table  ol  dimensions  ore 
corsverted  Irom  the  inch  values  in  accordance  with 
conversion  principles  outlined  in  Americon  Stondord 
Practice  for  Inch-Mitlimeler  Conversion  for  Industrial 
Use,  64B.I-I933  freoffirmed  in  1947). 


Approved  October  27,  1964  by  the  Americon  Standards  Association,  Incorporoted 
Sponsor:  Society  of  Motion  Picture  ond  Television  Engineers,  Inc. 

*  I'uttriMl  IlntHM*! 

(V.i.sft«iil  |y*l  I.}  iW  SUuU«iil«  AMwciAlM.!.,  liMMiMaiad 

te  bMl  iUil.  Ntn  Ywk  lMi4 


Ill  |l  !>  A. 

AUAiMtasi.se 
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AfPB401X 

(IM«  !•  iwl  •  *1  AM«tkM  Umm4id  OImmmIam  la#  95aua  Malta*- Hdw#«  Mv,  |CS‘II70.  fH]a.34*lf  44,  4al  U  Inclw4a4  la  facMr 

iaia  bt  MaJ 


At.  T)i«  dim«miom  giy«n  in  Hut  tiandard  r«pr«»«nl 
lh«  proctic*  ol  Him  monufac1ur*ft  in  Hu>(  Hm  dim«n> 
tioni  Qftd  Iol4f0nc»t  or«  fof  Aim  itock  invnbdiotaly 
oHnr  p^rlcKOlion.  Th*  punchat  ond  dial  thamiclvai  ora 
moda  lo  lofaropcai  contidarobly  wnallar  thon  iHoia 
givan,  but  tinea  Aim  b  o  plottk  motariol,  lha 
dimantiont  of  Hia  till  ond  parlor olad  Aim  tlodi  navar 
ograa  axoctly  wiHi  lha  dtmamiom  of  lha  diHart, 
pwnchat  ond  diat.  PUm  con  ihrink  or  twall  dua  lo  lou  or 
goto  at  moittura  contani  or  con  thrink  dua  lo  bit  of  tol> 
vanf.  That#  chongat  invoriobly  raiwit  in  chongat  in 
lha  dimantiofO  during  lha  lifa  of  Hia  Aim.  Tha  chonga  it 
gaoarotty  wniform  throughout  o  roll. 

A2»  It  wtH  ba  notad  Ihol  omong  lha  voriout  tiond* 
ordt  lor  dining  and  parforoling  Aim  tiock  thara  ora 
oftan  two  itondordf  which  taam  much  oKka  in  word' 
ing.  Tha  diffaranca  liat  in  lha  longiludinol  pildi  which 
it  ailhar  0.)  870  in.  or  0.1 868  in.  In  ganarol,  tha  longar 
pHch  it  for  prird  tiock  ond  lha  thoilar  pilch  ii  for  naga> 
liva  dock. 

Tha  choica  of  pHch  for  nagoliva  molioA'piclura  Abut  da* 
pandt,  within  carloin  lunilt,  on  lha  lypa  of  prinlar  lo  ba 
vtad.  Whara  tlap-prlnlart  ora  utad^  ond  Hia  Aim  it 
tiolionory  whan  anpotad,  Hia  choica  of  pitch  it  not 
tirictly  limilad.  Whara  lha  Aim  movat  coniinuoudy  ouar 
o  cylmdriced  turloca  of  lima  of  prinlmg  (tprockahtypa 
printar),  Hiara  ora  Ihraa  mofor  coniidaroliont  invotvad 
in  chooting  Hia  pilch.  Thata  comidarotiont  ora:  (1)  lha 
tprockal  diomalar^  (2)  lha  Aim  Ihicknats,  (3)  Hia  Atm 
ihrMiaga  ond  lha  rota  ot  which  thrinkoga  occurt. 

MoAimum  Maodinats  ond  daAnition  ora  lacurad  on  o 
tprockal 'lypa  prinlar  whan  lha  nagoliva  tiock  it  toma* 
who!  thorlar  In  pildi  Ihon  lha  potiitva  dock  in  lha 
opprOjUmola  proportion  of  lha  Ihkknau  of  Hia  Aim  to 
riia  rodiut  of  curvolura.  For  printing  on  o  64 'tooth 
35mm  tprockal  (circumfaranca  of  about  1 2  in.) 
with  Aim  0.0055  to  0.0065  in.  Hiidi,  lha  opiimum  pildi 
diAaranliol  it  0.3  parcanl.  Tha  uta  of  tha  idaol  pilch 
diffaranliol  lor  lha  nagoDva  would  minimixa  dippaga 
bafwaan  lha  potiliva'  dock  ond  nagoliva  during  tha 


printing  oparalion,  fhtit  raducing  lha  omount  of  blur* 
ring  and  iumping  of  horiionlol  linat  in  Hia  picivia  or 
tound  imoga.  (Thii  affor  ii  lo  ba  diAaranliulad  from  lha 
lump  cowtad  by  nonuniformily  of  tuccaittva  pilchai, 
Dimaniton  8.) 

EAparianca  Hot  diown  Ihol  lha  ovaroga  pitch,  Diman- 
tion  I,  of  lha  nagoliva  con  vory  ^0.1  parcanl  from 
tha  idaol  pilcH  which  it  0.3  parcanl  thodar  ihon  lha 
potiliva  dock,  wiHioul  bkirring  of  piciwra  .ond  tound 
imoga  taing  aotily  daladad. 

For  mony  yaort  Hut  datirad  diffaranca  in  pilch  wot 
coutad  by  Hia  dirinkaga  of  tha  nagoliva  Aim  during 
procatsing  ond  aging.  Currant  Aim  botat  ihrink  last 
Hum  tha  aorliar  onat  ond  hanca  o  thorlar  iniliol  pitch 
bacomat  datirobla.  To  tolitfy  Hut  r#€|uiramanl  for 
pictura  or  sound  nagolivat,  il  it  common  monufoclUT' 
ing  practice  lo  oim  for  o  pitch  volua  0.2  parcanl 
thorlar  thon  tha  potiliva  stock  onto  which  thay 
will  ba  prinlad.  TKa  oddilional  thrinkoga  Ihol  occurs 
during  procatting  ond  lha  oging  HmI  lokat  ploca 
bafora  lha  ralaota  prints  ora  moda  than  brings  tha 
pilch  diffaranliol  clota  to  Hia  oplinwim  and  datirad 
volua  of  0.3  parcanl.  Accordingly.  Hia  pilch  chotan 
lor  Hia  nagoliva  Mock  it  0.1 866  in. 

Low-ihrink  nagoliva  Aim  parforolad  to  thata  dimantiont 
should  not  HiaiaoAar  thrink  oppraciobly  mora  Ihon  0.2 
parcanl  undar  normal  uta  conditiont,  ond  for  o  raoton- 
obla  lifa  ipoi^  to  Ihol  Hia  opiimum  pilch  diffaranliol 
from  lha  potiliva  Mock  of  0.3  ±  0.1  parcanl  it  moai' 
toinad.  (Tha  Aim  should  ba  maoturad  oftar  aquilibrolicn 
with  oir  ol  70  F  ond  55  parcanl  taloliva  humidity  or  ol 
Hia  condiliont  pr availing  ol  tha  lima  ol  parforoling.) 

A3.  uniformity  of  pildv  hola  tiia.  ond  morgin 
(Dimantiont  8.  C,  0.  ond  C)  it  on  imporlonl  voriobU 
offacting  Maodinats.  Voriotiont  in  lhata  dimantiont, 
from  roN  to  roll,  ora  of  liitla  tignificorKa  comporad  to 
voriotiont  from  ona  tprockal  hola  to  lha  natl.  Actually 
il  it  lha  moAimum  vorialion  from  ona  tprockal  hola  lo 
lha  naAl  within  ony  small  group  of  contaculiva  par- 
foroliont  Ihol  it  important. 
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1*  Scopo 

This  stondard  specifies  the  cutting  and  per¬ 
forating  dimeniions  for  16inm  motion-picture 
film  with  perforotions  olong  both  edges  and  o 
perforation  pitch  of  0.3000  in. 


2,  Dimensions 

2.1  The  dimensions  shall  be  os  given  in  the 
figure  ond  table. 

2.2  These  dimensions  pertain  to  o  safely  film 
as  defined  In  Appendix  AS. 
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At.  Th«  dioienlioni  givttn  in  ihit  itondard  repre»*n<  thr 
pi oclicd  ol  nim  mofiwfocruicit  in  that  lh«  dim*n»ioni 
ond  lol«ronct»  or«  lor  film  ilock  immedioi«l)r  ohei  p*r> 
(orulioft.  Th«  punches  ond  dies  ihcmselves  ore  mode 
lo  loUroncei  considerobly  smollei  ihon  those  given, 
bwf  since  nim  is  o  pioslic  moiciiol  the  dimensions  of  the 
slil  ond  per foi Died  film  stock  never  ogree  exactly  with 
the  dimensions  of  the  slitters,  punches  ond  diet.  Film 
con  shrink  or  swell  due  lo  loss  or  gain  in  moisture  con¬ 
tent  or  con  shrink  due  to  lost  of  solvent.  These  chongci 
invorkibly  result  in  chonget  in  the  dimensions  during 
the  life  of  the  film.  The  chonge  is  generolJy  uniform 
throughout  o  roil- 

A3,  tl  wilt  be  noted  ihot  omong  the  vorious  stondords 
for  slitting  ond  perforoting  film  stock  there  ore  often 
two  stondords  which  seem  much  olike  in  wording-  The 
difler ence  ties  in  the  longiludinot  pitch  which  is  either 
0.2994  In.  or  0.3000  in.  In  generol.  the  longer  pilch  is 
for  pint  slock  and  the  shorter  pilch  is  for  negative  stock. 

The  choice  of  pitch  for  negative  molion-pfclure  films 
depends,  within  certain  limits,  on  the  type  of  printer  to 
be  used.  Where  slep-prinlers  ore  used,  ond  the  film  is 
slotionory  when  exposed,  the  chnice  of  pilch  is  not 
strictly  limited.  Where  the  film  moves  continuously  over 
a  cylindricol  surface  at  time  of  printing  (sprocket -type 
printer),  there  are  three  mojor  considerotioni  involved 
in  choosing  the  pilch.  These  considtroiioos  ore:  (I)  the 
sprocket  diameter.  (2)  the  film  thickness.  <3)  the  film 
ihrinkoge  ond  the  role  ol  which  shrinkoge  occurs. 

Moximum  steodinsss  ond  definiiion  ore  secured  on  o 
sprocket-type  printer  when  the  rsegotivo  stock  Is  some- 
whol  shorter  in  ptch  than  the  positive  stock  in  the  op- 
proximoie  proportion  oi  the  thickness  ol  the  him  to  the 
rodiut  of  curvature.  For  printing  on  o  40-looih  16mm 
sprocket  (circumference  of  obout  )2  in.)  wiih  film  0.0065 
to  0.0065  in.  thick,  the  optimum  pitch  differeniiol  is  0.3 
percent.  The  use  of  the  ideal  pilch  diflerenliol  lor  the 
negotive  would  nunimiie  siippoge  between  the  positive 
slock  ond  negotive  during  the  printing  operolion,  thus 
reducing  the  omount  ol  blurring  ond  jumping  of  hori- 
xontol  lines  in  the  picture  or  sound  image.  (This  error  is 
lo  be  differentioled  from  the  jump  caused  by  nonimi- 
formity  of  successive  pitches.  Dimension  6.) 

experience  hoi  shown  ihol  the  overage  pitch  of  the 
negotive  can  vory  *  0.)  percent  from  the  ideol  pitch, 
which  is  0.3  percent  shorter  ihon  the  positive  slock, 
without  blurrirsg  of  picture  ond.  sound  imoge  being 
easily  delected. 

For  fflorty  years  this  desired  difference  in  pitch  woi 
caused  by  the  shrinkoge  of  the  negotive  him  during 


processing  ond  oging.  Current  him  boscs  shrink  le.s  ihon 
the  eorticr  ones  und  hence  o  ihorfci  mitiol  be¬ 

comes  desirable.  To  lOiisfy  this  requirement  lor  piciure- 
or  souftdnegotives.  it  is  common  monulocturing  prac¬ 
tice  to  oim  lor  o  pilch  volue  0.2  percent  shorter  thon 
the  positive  slock  onto  which  they  will  be  printed.  The 
oddifionol  shrinkoge  that  occurs  during  processmg  ond 
the  oging  Ihot  lokei  ploce  before  the  releoie  prints  ore 
mode  then  bring  the  pitch  differeniiof  close  lo  the 
optimum  ond  desired  value  of  0.3  percent.  Accordingly, 
the  pitch  chosen  for  the  negotive  stock  it  0.2994  in. 

tow'shrink  negotive  film  perforoted  to  these  dimen¬ 
sions  should  not  thereofter  shrink  oppreciobly  more 
than  0.2  percent  under  normol  use  conditions,  ond  for 
a  reosonoble  life  spon.  so  that  the  optimum  pilch  differ- 
enliof  from  the  positive  slock  of  0.3  .t.  0.1  percent  is 
moinloined.  (The  film  should  be  meosured  offer  equi- 
tibroiion  with  air  of  70  F  ond  53  percent  relative  humid¬ 
ity  or  ot  the  conditions  prevoiling  ot  the  time  of  per* 
foroling.) 

A3.  The  uniformity  of  pitch,  hole  sist.  and  morgin 
(Dimensions  fi.  C.  D.  ond  C)  is  on  tmporlonl  vorioble 
oflecling  sleodiness.  Voriolions  in  these  dimensions, 
from  roll  lo  roll,  ore  of  little  significonce  compered  to 
voriolions  from  one  sprocket  hole  10  the  next.  Actually 
it  is  the  moximum  vorioiion  from  one  sprocket  hole  to 
the  next  within  ony  smpN  group  of  consecutive  perloro- 
tions  ihcil  IS  iniportonl. 

A4«  The  opiimum  width  for  16mm  film  (which  often  goes 
through  channels  ol  fixed  sise)  is  controlled  by  the 
shrinkage  chaiocleriilks  of  the  films  involved.  Thus  in 
times  post  there  hove  been  stondords  for  the  width  of 
16rnm  slock  of  the  "usual "  ihrinkoge  ond  lor  slock  el 
"low  shrinkoge"  chorocierisiics.  The  purpose  woi  to 
obloin  films  ol  opproximofely  the  some  width  regordless 
of  the  type  of  film  bose  during  their  useful  life.  This 
iiondord  is  bosed  on  the  volucs  odopted  to  'iow.shrinli" 
film  bose  since  nearly  oil  films  now  monufoclured  in  the 
U.S.  meet  the  definiiion  noted  below. 

For  the  purpose  of  choice  of  width,  low-shrinkoge  film 
bose  is  film  base  which  when  cooled  with  emulsion  ond 
ony  other  normol  coaling  Irtolmenl.  perfcsroled,  kept 
in  the  monufoclurer's  normol  commerciot  pockings  for 
six  months  ol  65  lo  75  F.  exposed,  processed  ond  stored 
exposed  to  oir  for  a  period  not  lo  exceed  30  days  ot 
65  lo  75  F  ond  50  lo  60  percent  reloiive  humidity,  ond 
measured  under  like  conditions  ol  lemperotur#  ond 
humidity,  shall  hove  shrunk  not  more  ihon  0.2  percent 
from  its  originol  dimension  of  the  lime  of  perforoting. 
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Thil  dermillon  of  low-ihrinkage  film  ilocit  hoi  been 
found  by  experience  to  be  useful  os  a  guide  to  film 
monufocfurers  in  slitting  their  stock.  Departure  from 
this  definition  sholl  not  be  couse  for  rejection  of  the 
stock.  Note  thot  this  definition  of  shrinkoge  differs  from 
the  criterion  applying  to  the  choice  of  longitudinal  pitch, 
where  greater  periods  of  time  ore  involved  and  where 
short-time  tests  con  be  deceptive. 


Allowonce  hos  been  mode  in  orriving  of  these  volues 
for  the  common  tendency  of  film  to  expond  when  ex¬ 
posed  to  high  relotive  humidity.  Allowance  should  be 
mode  for  this  factor  in  equipment  design  ond  in  no  cose 
should  16mm  equipment  fail  to  occommodote  a  film  of 
0.630-in.  width. 

AS*  This  film  is  to  be  mode  on  safety  bose  complying 
with  Americon  Standard  Specifications  for  Sofety  Photo- 
grophic  Film,  PHI. 25-1 956  (Reaffirmed  1962). 
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APPENDIX  E 

PERFORATION  DIMENSIONS 


The  following  excerpts  are  reproduced  by  permission  of  Eastman  Kodak  Company. 
Copies  of  publication  P-29,  Technical  Data  on  Film  Specification  Numbers,  Spools,  Cores, 
Dimensions  and  Perforations,  may  be  obtained  ffoni  Eastman  Kodak  Company,  Department  454, 
343  State  Street,  Rochester,  New  York  14650. 
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PERFORATION  DIMENSIONS 
1 6  mm — 35  mm — 70  mm 


Perforation  Type 

Dimension 

Bell  &  Howell 

Kodak  Standard 

16  Millimeter 

Tolerances  i: 

Inches 

mm 

Inches 

mm 

Inches 

mm 

Inches 

mm 

c 

D 

0.110 

0,073 

2.794 

1.854 

0.110 

0.078 

2.794 

1.981 

0.072 

0.050 

1.829 

1.270 

0.0004 

0.0004 

0.010 

0.010 

H* 

R 

0.082 

2.08 

0.020 

0.51 

0.010 

0.25 

0.001 

0.03 

♦Dimension  H  is  a  calculated  value. 
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•This  dimension  also  represents  the  unperforated  width. 

tThis  dimension  represents  the  length  of  any  100  consecutive  perforation  intervals. 


*This  dimension  also  represents  the  unperforated  width. 

tThis  dimension  represents  the  length  of  any  100  consecutive  perforation  intervals. 


